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delivers erythromycin intact...via 
a system of unique erythro-pellets™ 


Pellets remain 
protected from 
gastric acid 

by enteric 
coating 


Pellets pass through 
pylorus intact 


Pellets dissolve in small intestine 19. 
at full potency...for uniform ur 
absorption moe 


NO other bral erythromycin 
available today can provide higher 
serum levels than ERYC 


PARKE-DAVIS 
Please see next page for brief summary of prescribing information. 
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ERYC" (erythromycin capsules, USP) 
Before prescribing, please see full 
prescribing information. A Brief Summary follows: 


INDICATIONS AND USAGE: ERYC is indicated in children and adults for the treatment of the follow- 
ing conditions: Upper respiratory tract infections of mild to moderate degree caused by Strepto- 
coccus pyogenes (group A beta hemolytic streptococci); Streptococcus pneumoniae 
(Diplococcus pneumoniae); Haemophilus influenzae (when used concomitantly with adequate 
doses of sulfonamides, since not all strains of H influenzae are susceptible at the erythromycin 
concentrations ordinarily achieved). (See appropriate sulfonamide labeling for prescribing 
information.) 

Lower respiratory tract infections of mild to moderate severity caused by Streptococcus 
pyogenes (group A beta hemolytic streptococci); Streptococcus pneumoniae (Diplococcus 
pneumoniae) 

Respiratory tract infections due to Mycoplasma pneumoniae (Eaton's agent) 

Pertussis (whooping cough) caused by Bordetella pertussis. Erythromycin is effective in elim- 
inating the organism from the nasopharynx of infected individuals, rendering them non 
infectious. Some clinical studies suggest that erythromycin may be helpful in the prophylaxis of 
pertussis in exposed susceptible individuals 

Diphtheria —As an adjunct to antitoxin in infections due to Corynebacterium diphtheriae, to 
prevent establishment of carriers and to eradicate the organism in carriers. 

Erythrasma — In the treatment of infections due to Corynebacterium minutissimum 

Intestinal amebiasis caused by Entamoeba histolytica (oral erythromycins only). Extraenteric 
amebiasis requires treatment with other agents. 

Infections due to Listeria monocytogenes 

Skin and soft tissue infections of mild to moderate severity caused by Streptococcus pyog- 
enes and Staphylococcus aureus (Resistant staphylococci may emerge during treatment.) 

Primary syphilis caused by Treponema pallidum. Erythromycin (oral forms only) is an alter- 
nate choice of treatment for primary syphilis in patients allergic to the penicillins. in treatment 
of primary syphilis, spinal fluid should be examined before treatment and as part ef the follow- 
up after therapy. The use of erythromycin for the treatment of in utero syphilis is not recom- 
mended (See CLINICAL PHARMACOLOGY in full prescribing information). 

Legionnaires’ disease caused by Legionella pneumophila. Although no controlled clinical effi 
cacy studies have been conducted, in vitro and limited preliminary clinical data suggest that 
erythromycin may be effective in treating Legionnaires' disease. 

Therapy with erythromycin should be monitored by bacteriological studies and by clinical 
response (See CLINICAL PHARMACOLOGY — Microbiology in full prescribing information) 

Injectable benzathine penicillin G is considered by the American Heart Association to be the 
drug of choice in the treatment and prevention of streptococcal pharyngitis and in long-term 
prophylaxis of rheumatic fever. When oral medication is preferred for treatment of the above 
conditions, penicillin G, V, or erythromycin are alternate drugs of choice 

Although no controlled clinical efficacy trials have been conducted, erythromycin has been 
suggested by the American Heart Association and the American Dental Association for use ina 
regimen for prophylaxis against bacterial endocarditis in patients allergic to penicillin who have 
congenital and/or rheumatic or other acquired valvular heart disease when they undergo den- 
tal procedures and surgical procedures of the upper respiratory tract. (Erythromycin is not suit- 
able prior to genitourinary surgery where the organisms likely to lead to bacteremia are 
gram-negative bacilli or the enterococcal group of streptococci.) 

NOTE: When selecting antibiotics for the prevention of bacterial endocarditis the physician or 
dentist should read the full joint 1977 statement of the American Heart Association and the 
American Dental Association. 

CONTRAINDICATION: ERYC is contraindicated in patients with known hypersensitivity to this 
antibiotic. 

WARNING: There have been a few reports of hepatic dysfunction, with or without jaundice, 
occurring in patients receiving erythromycin ethylsuccinate, base, and stearate products 
PRECAUTIONS: Caution should be exercised when erythromycin is administered to patients with 
impaired hepatic function (see CLINICAL PHARMACOLOGY and WARNING in full prescribing 
information) 

Erythromycin use in patients who are receiving high doses of theophylline may be associated 
with an increase in serum theophylline levels and potential theophylline toxicity. In case of the- 
ophylline toxicity and/or elevated serum theophylline levels, the dose of theophylline should be 
reduced while the patient is receiving concomitant erythromycin therapy 

Erythromycin interferes with the fluorometric determination of urinary catecholamines 

Prolonged or repeated use of erythromycin may result in an overgrowth of nonsusceptible 
bacteria or fungi. If superinfection occurs, erythromycin should be discontinued and appropri- 
ate therapy instituted. 

When indicated, incision and drainage or other surgical procedures should be performed in 
conjunction with antibiotic therapy. 

Pregnancy Category B — Reproduction studies have been performed in rats, mice and rabbits 
using erythromycin and its various salts and esters, at doses which were several times multi- 
ples of the usual human dose. No evidence of impaired fertility or harm to the fetus that 
appeared related to erythromycin was reported in these studies. There are, however, no ade- 
quate and well-controlled studies in pregnant women. Because animal reproduction studies 
are not always predictive of human response, this drug should be used during pregnancy only if 
clearly needed 

Labor and Delivery — The effect of ERYC on labor and delivery is unknown. 

Nursing Mothers — Erythromycin is excreted in milk (see CLINICAL PHARMACOLOGY in full 
prescribing information) 

Pediatric Use —See INDICATIONS AND USAGE and DOSAGE AND ADMINISTRATION 
ADVERSE REACTIONS: The most frequent side effects of oral erythromycin preparations are gas- 
trointestinal and are dose-related. They include nausea, vomiting, abdominal pain, diarrhea 
and anorexia. Symptoms of hepatic dysfunction and/or abnormal liver function test results may 
occur (see WARNING). 

Mild allergic reactions such as rashes with or without pruritus, urticaria, bullous fixed erup- 
tions, and eczema have been reported with erythromycin. Serious allergic reactions, including 
anaphylaxis have been reported. 

A few cases of transient deafness have been reported with high doses of erythromycin 
DOSAGE AND ADMINISTRATION: Optimum and uniform serum levels of erythromycin are 
obtained when ERYC Capsules are administered one hour before meals or in the fasting state 

Adults: The usual dose is 250 mg every 6 hours taken one hour before meals. If twice-a-day 
dosage is desired, the recommended dose is 500 mg every 12 hours. Dosage may be increased 
. up to 4 grams per day, according to the severity of infection. Twice-a-day dosing is not recom- 
mended when doses larger than 1 gram daily are administered. 

Children: Age, weight, and severity of the infection are important factors in determining the 
proper dosage. The usual dosage is 30 to 50 mg/kg/day in divided doses. For the treatment of 
more severe infections, this dose may be doubled. 
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| TEMPORAL BONE SURGICAL DISSECTION — 1983 








New Intensive One Week and Two Week Courses 


Hand Pieces, burrs and basic equipment will be provided. 


These courses are designed for the practicing otolaryngologist and senior resident in training, with 
special emphasis on the common problems encountered in daily practice. 
To meet requests, primarily for the specialist in practice, the institute is offering full one week 
courses in addition to its historic two week course. 

During the day participants will dissect temporal bones and observe selected telecasts of live 
surgery and edited tapes. Evening lectures and films will demonstrate the techniques of temporal bone 
surgery as practiced by the members of the Otologic Medical Group, Inc. 


One Week Course (CME 62 hrs.) Two Week Course (CME 100 hrs.) 
January 15-22, 1983 Nov. 27-Dec. 10, 1982. 

March 5-12, 1983 June 5-17, 1983 

November 12-19, 1983 September 11-23, 1983 
Physicians $850.00 Physicians $1500.00 

Residents 650.00 Residents 1200.00 


Antonio De la Cruz, M.D., Director — TBSDC 
House Ear Institute * 256 South Lake Street, Los Angeles, California 90057 * (213) 483-4431 
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10 reasons 


to consider the Cadwell 7400. 
Call us for the other 90. 


Pardon our boasting but we 

can t help ourselves. Because 
tha Cadwell 7400 is truly 
one-of-a-kind—an unsurpassed 
four-channel evoked potential 
sustem desianed for clinical 
and other highly advanced 
neurologic evaluations. 


We try to shy away from 
superlatives such as ` revolu- 
tionary” and "sophisticated, © 
but the Cadwell 7400 wan t let 
us. Its ease-of-operation, con- 
figuration capability, and pro- 
grammability combine to make 
asustem created for the future, 
not just the present. 


Forgive us if we describe 
only 10 of its Features here, but 
the Cadwell 7400 requires more 
advertising copy than we can 
g've It: 

I. Choose your modality: 

EMG. NCV. BSEP. VEP, SSEP. 
Myasthenia, AER, ERG. EOG. ENG. 
F'icker Fusian. 


e. Automatic test values set up 
for your preferred testing 
protocol. 


3. Incernal stimulus generators 
(0.25 to 200 pps stimulation). 


4. Ccntinuously var able filter- 
ing 4,000 bandpass 
combinations). 


5. High-speed averaging on 
each channel (up tc 32,000 
frames of data). 


6. Built-in impedan-e mea- 
surement, calibration, and 
montage switchinc. 


7. Dial time base and time 
variable filters (opGonaD. 


8. Aitomatic peak Bbeling on 
display: subsequeat printout of 
times and amplitudes. 


9. Bidirectional dot matrix 
prirter: Full documentation for 
rap.d patient Files @vz" x 11" 
format). 


EN 


10. Optional disk system for 
data storage and retrieval, arid 
development of automated test 
sequences, analytic techniques, 
reports, and customized 
programs. 


Comprehensive. State of the art. 
We don t mean to overdo it. And 
of course only you can decide. 
Your personal evaluation of the 
Cadwell 7400 and all its features 
will clearly demonstrate the 
unique character of this elec- 
trodiagnostic system. Expand 
your horizon in electro- 
myography and evoked poten- 
tial testing: call us at (509) 
735-6481 for more information 
or to arrange a demonstration. 


CADAVELL 


World Headquarters 


Cadwell Laboratories. Inc. 
1021 N. Kellogg 
Kennewick, Washington 99336 


Phone: (509) 735-648! 
Telex: 152514 





In seasonal and perennial rhinitis 


| When 

conventional 

treatment is 
In question. 














asalide 


flunisolide | 


instead. 


Vs. antihistamines and Vs. other intranasal 
decongestants steroids 














Many rhinitis ripis may self-medicate v zn | | BECONASE* | VANCENASE® | 
Ç one ore of the ove Ye-counter antihistamines NASALIDE * (beclomethasone | (beclomethasone | 
derc ongestants or their cor indiens | Mlunisonge) dipriopionate) | dipriopionate) 
f- — 4 nn j- = + P 
“Nuisance effects” or lack of dias of these Appropriate tor 
remedies may interfere with your patients daily | children 6-14 
a gel oo e Sere ima years old 
activities and lead to noncompliance. a ! E | m 
e Drowsiness from antihistamines | hs didi | 
a CNS excitation from ordi dec di pns | REES — " | = - = 4 
e Rebound congestion from nasa! decongestants | Propytene 
lycol Vehicle 
With Nasalide such effects are not common |87 | = 
SO patients WI : ot be di iscouraged f From cor mplytr € " | B.I.D. TID t | TID+ 
with therapy. Mild, transient nasal Durning or aog g ee | 





(usually lasting only a few seconds) is "d most frequent 


pe LE "T DENES PES Re **Dosage may be increased or decreased depending on severit 
CONT |} la lL WILD Nas ange. 5 7 P 5 y 


of symptoms 


*See Adverse Reactions section of Brief Summary of full ‘Usual desage range for beclomethasone is B.I.D. to Q.I.D. 
Prescribing Information. 


For effective symptom 

control in seasonal and 

call rhinitis. 
(flunisolide) ^ i d 
nasal solution 0.025% 


Please see Brief Summary of Prescribing 
Information on next page. 


S 
-=y Syntex Laboratories, Inc. 


ISYNTEX| Palo Alto, CA 94304 
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(flunisolide) B g eli 
nasal solution O.O2596 ELI B 


Brief Summary 

Description: Each bottle contains flunisolide in a solution of 
propylene glycol, polyethylene glycol 3350 and purified 
water buffered with citric acid/sodium citrate, with benzal- 
konium chloride added as a preservative, and NaOH and/or 
HCI added to adjust the pH. It contains no fluorocarbons. 
Indications: For relief of the symptoms of seasonal or peren- 
nial rhinitis when effectiveness of or tolerance to conven- 
tional treatment is unsatisfactory. 

Improvement is usually apparent within a few days after 
starting Nasalide but may take as long as 2 weeks in some 
patients. Although systemic effects are minimal at recom- 
mended doses, Nasalide should not be continued beyond 3 
weeks in the absence of significant symptomatic improvement. 
Nasalide should not be used in the presence of untreated lo- 
calized infection involving nasal mucosa. 

Contraindications: Hypersensitivity to any ingredients. 
Warnings: Patients transferred from systemic steroid therapy 
to Nasalide should be monitored to avoid acute adrenal in- 
sufficiency in response to stress. Since some patients may 
experience symptoms of withdrawal, attention must be 
given to patients previously treated for prolonged periods 
with systemic corticosteroids, particularly those with as- 
sociated asthma or other clinical conditions where too rapid 
a decrease in systemic corticosteroids may cause a severe 
exacerbation of symptoms. Nasalide should be used with cau- 
tion in patients on alternate-day prednisone for any disease. 
Precautions: General: Localized Candida albicans infections 
of the nose and pharynx occurred only rarely in clinical 
studies, but if such an infection presents, treatment with ap- 
propriate local therapy or discontinuation of Nasalide treat- 
ment may be required. 

Flunisolide is absorbed into the circulation. Systemic effects 
have been minimal with recommended doses but larger 
doses should be avoided since excessive doses May suppress 
hypothalamic-pituitary-adrenal function. 

Nasalide should be used with caution in patients with active 
or quiescent tuberculosis infections of the respiratory tract; 
untreated fungal, bacterial, or systemic viral infections; or 
ocular herpes simplex. 

In patients who have experienced recent nasal septal ulcers, 
recurrent epistaxis, nasal surgery, or trauma, a nasal corti- 
costeroid should be used with caution until healing has 
occurred. 

Information for Patients: Nasalide should be used as 
directed at the prescribed dosage. Nasal vasoconstrictors or 
Oral antihistamines may be needed until the effects of 
Nasalide are fully manifested. The patient should follow the 
Patient Instructions carefully and should contact a physician if 
symptoms do not improve, if the condition worsens. or if 
sneezing or nasal irritation occurs. 

Carcinogenesis: While no evidence of carcinogenicity 
was found in a 22-month study in Swiss-derived mice, there 
was a slight increase in the incidence of pulmonary adeno- 
mas which was well within the range of spontaneous adeno- 
mas previously reported for untreated Swiss-derived mice. 

Impairment of Fertility: Female rats receiving high 
doses of flunisolide (200 mcg/kg/day) showed some evi- 
dence of impaired fertility. Reproductive performance in 
low and mid dose groups was comparable to controls. 

Pregnancy: Pregnancy Category C. The drug has been 
shown to be teratogenic and fetotoxic in rabbits and rats. 
The drug should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers: Because other corticosteroids are 
excreted in human milk, caution should be exercised when 
the drug is administered to nursing women. 

Adverse Reactions: The most frequent complaints were mild 
transient nasal burning and stinging (reported in approxi- 
mately 45% of patients). These complaints do not uSually 
interfere with treatment; in only 3% of patients was it nec- 
essary to decrease dosage or stop treatment because of 
those symptoms. 

Incidence of 5% or less: nasal congestion, sneezing, epi- 
staxis and/or bloody mucus, nasal irritation, watery eyes, 
sore throat, nausea and/or vomiting, headaches and loss of 
sense of smell and taste. In rare instances, nasal septal per- 
forations were observed during the studies but a causal 
relationship with Nasalide was not established. 

Systemic corticosteroid side effects were not reported dur- 
ing the controlled clinical trials. If recommended doses are 
exceeded, or if individuals are particularly sensitive, 
symptoms of hypercorticism could occur. 

Dosage and Administration: Full therapeutic benefit re- 
quires regular use and is usually evident within a few days, 
but up to 3 weeks may be required for some patients to 
achieve maximum benefit. Patients should use a deconges- 
tant and clear their nasal passages of secretions prior to use. 
Recommended Starting dose in adults: 2 sprays in each nos- 
tril b.i.d. If needed, increase to 2 sprays t.i.d. 

Recommended starting dose in children (6-14 years): | spray 
in each nostril t.i.d. or 2 sprays in each nostril b.i.d. Not rec- 
ommended for use in children less than 6 years old. 

Total daily doses: not to exceed 8 sprays in each nostril for 
adults and 4 sprays in each nostril for children. 

Maintenance dose: smallest amount necessary to control 
symptoms. 

How Supplied: Each 25 mi Nasalide® (flunisolide) nasal solu- 
tion spray bottle (NDC 0033-2906-45) contains 6.25 
mg (0.25 mg/ml) of 


se 
flunisolide and is sup- WS 


plied with a pump unit, 


nasal adapter with ‘ay 
dust cover, and patient = Syntex Laboratories, Inc. 
instructions. ISYNTEX| Palo Alto, CA 94304 
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THE AMERICAN ACADEMY 
QF FACIAL PLASTIC AND 
RECONSTRUCTIVE 
SURGERY 
presents the 
FOURTH INTERNATIONAL 
SYMPOSIUM ON PLASTIC 
AND RECONSTRUCTIVE 
SURGERY OF THE 
HEAD AND NECK 
May 29—June 2, 1983 
LOS ANGELES 


The program will present many of the world’s foremost 
specialists in facial plastic and reconstructive surgery. 
Through formal papers, courses, video tapes, films, and 
other curriculum media, these distinguished surgeons and 
physicians will share their knowledge,  skils and 
experience in plastic and reconstructive surgery of . 


the nose... ear . . . oral cavity, tongue and jaws . 
pharynx, larynx, esophagus and trachea . . . face 
auricle . . . eyelid and scalp. 
* 
SCIENTIFIC PAPERS, PANELS AND INSTRUCTION COURSES 


MORNING SESSIONS 
Stimulating Scientific Presentations and Panel Discussions 


AFTERNOON SESSIONS 
Free Papers and Instruction Courses 
Advance Registration Required 
Seating Limited 
Assignment of All Courses on First-Come First-Served Basis 
AMA Continuing Education Credits 


For Symposium Information and Registration write: 
Walter E. Berman, M.D., General Chairman 
9735 Wilshire Blvd. 
Beverly Hills, CA 90212 





New COCAINE HYDROCHLORIDE 
TOPICAL SOLUTION € 


(Not For Injection or Ophthalmic Use) 


Here at last, commercially prepared 
Cocaine HCI Topical Solutions to 
relieve you from an onerous and 
sensitive compounding task. 


109e/4ml 


Roxane Laboratories leadership in Unit Dose 
packaged liquid formulations is extended to 
Cocaine HCI Topical Solution. This pale blue-green 
formulation is proven stable and fully potent to the 
expiration date printed on each cup lid. This is 
particularly important for a product with known j 
stability problems. x n yp R 
The advantages of a commercially prepared Uni ^ api 7 "t um F ee 
Dose product are well established. HU aS pr 
e The product is clearly and consistently labeled. i In 
e Control is maximized when only the amount $ lU: 
needed for each procedure is delivered to the a 
nurse or physician. 496/4ml 
e Any unopened cups can be returned 


To Order Cocaine Hydrochloride ; 

Topical Solution, simply fill Cocaine HCI 4% 0054-8150-03 
out your DEA Form 222 and 

purchase order as follows: 5xeml | Cocaine HCI 10% 

Mail the order to: — A $10.00 handling charge will be waived if the total order 
Roxane Laboratories, Inc. for Schedule Il products amounts to $75.00 or more. 


P.O. 16532 
E] Roxane £5 


Columbus, OH 43216 
Laboratories, Inc. E IS] 
Columbus,Ohio 43216 WS 
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ROXANE LABORATORIES, INC 
COCAINE HYDROCHLORIDE II 
TOPICAL SOLUTION 
INDICATIONS AND USAGE 
Cocaine Hydrochloride Topical Solution is indi- 
cated for the introduction of local (topical) anesthesia 


of accessible mucous membranes of the oral, laryn- 
geal and nasal cavities. 


CONTRAINDICATIONS 
Cocaine Hydrochloride is contraindicated in pa- 
tients with a known history of hypersensitivity to 
the drug or to the components of the topical solution. 


WARNINGS 
RESUSCITATIVE EQUIPMENT AND DRUGS 
SHOULD BE IMMEDIATELY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 
Carcinogenesis, Mutagenesis: Long-term studies 
to determine the carcinogenic and mutagenic poten- 
tial of cocaine are not available. 


PRECAUTIONS 

The safety and effectiveness of Cocaine Hydro- 
chloride Topical Solution depends on proper dosage, 
correct technique, adequate precautions, and readi- 
ness for emergencies. 

The lowest dosage that results in effective anesthe- 
sia should be used to avoid high plasma levels and 
serious adverse effects. Debilitated, elderly patients, 
acutely ill patients, and children should be given re- 
duced doses commensurate with their age and phy- 
sical status. 

Cocaine Hydrochloride Topical Solution should 
be used with caution in patients with severely trau- 
matized mucosa and sepsis in the region of the pro- 
posed application. Use with caution in persons with 
known drug sensitivities. 


ADVERSE REACTIONS 

Adverse reactions may be due to high plasma levels 
as a result of excessive and rapid absorption of the 
drug. Reactions are systemic in nature and involve 
the central nervous system and/or the cardiovascular 
system. A small number of reactions may result from 
hypersensitivity, idiosyncrasy or diminished toler- 
ance on the part of the patient. 

CNS reactions are excitatory and/or depressant, 
and may be characterized by nervousness, restless- 
ness and excitement. Tremors and eventually clonic- 
tonic convulsions may result. Emesis may occur. 
Central stimulation is followed by depression, with 
death resulting from respiratory failure. 

Small doses of cocaine slow the heart rate, but after 
moderate doses, the rate is increased due to central 
sympathetic stimulation. 

Cocaine is pyrogenic, augmenting heat production 
in stimulating muscular activity and causing vaso- 
constriction which decreases heat loss. Cocaine is 
known to interfere with the uptake of norepinephrine 
by adrenergic nerve terminals, producing sensitiza- 
tion to catecholamines, causing vasoconstriction 
and mydriasis. 

Cocaine causes sloughing of the corneal epithe- 
lium, causing clouding, pitting, and occasionally 
ulceration of the cornea. The drug is not meant for 
ophthalmic use. 


HOW SUPPLIED 
4% Cocaine Hydrochloride Topical Solution 
NDC 0054-8150-03: Unit dose Patient Cup™ filled 
to contain 4 ml, five 4 ml Patient Cups™ per carton. 
10% Cocaine Hydrochloride Topical Solution 
NDC 0054-8151-03: Unit dose Patient Cup™ filled 
to contain 4 ml, five 4 ml Patient Cups™ per carton. 
Store at Controlled Room Temperature 
15°-30°C (59°-86° F) 
Caution: Federal law prohibits dispensing 
without prescription. 
Issued August 1982 


Roxane 


Laboratories, Inc. 
Columbus, Ohio 43216 


Madsen 
TYMPAN:O-SCOPE 


Simply Remarkable... 
Remarkably Simple. 







For accurate, 
automatic results 
in seconds. 






Quality and human engineering 
have always been paramount to 
Madsen. It's with these uncompro- 
mising standards that we have 
developed the new Madsen 
Tympan-O-Scope. 

All tests are performed automati- 
cally and rapialy, allowing more 
effective use of professional time. 
Results are printed on an IBM sized 
card for easy filing. 


insist on Madsen Tympan-O-Scopes. 
Exceptional quality at an unrivaled 


ü Madsen 


Helping the world to better hearing. 





U.S A.: EUROPE: 
P.O. Box 136 20 Vesterlundvej 
Buffalo. N.Y. 14225 DK 2730 Herlev, Denmark 
Telephone: 1-800-828-8081 Telephone: (02) 946000 
(716) 634-8957 Telex: 55-35285 
Telex: 06-982298 MADSTR-DK 

GERMANY: 
CANADA: > 
2370 Speers Road - P.O. Box 535 Konigsteiner Strasse 20A 
Oakville, Ontario L6) 584 Postfach 1223 


D - 6232 Bad Soden/Taunus 
Telephone: (416) 825-0122 ; 
Telex: 04-9822908 Telephone: (06) 196-24069 












THE 
DEPARTMENT OF OTOLARYNGOLOGY 
AND 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF 
MEDICINE 
OF THE 
MOUNT SINAI SCHOOL 
OF MEDICINE (CUNY) 


Announce a Postgraduate Course 


TEMPORAL BONE SURGEFY 


Under the Direction of 
Simon C. Parisier, MD 
Joel M. Shugar, MD and Guest Faculty 


May 9-13, 1983 
Monday thru Thursday: 9:00 AM TO 6:00 PM 
Friday: 9:00 AM to Noon (4'i Sessions) 


This intensive four and one half day basic laboratory 
course is designed to familiarize otolaryngologists with the 
surgical anatomy of the temporal bone which is essential 
for the application of operative techniques currently utiliz- 
ed in managing diseases of the temporal bone. Fresh 
cadaver material and operating microscopes will be availa- 
ble. 


Maximum: 10 
FEE: $800 


This course will be given at the Mount Sinai Medical Certer, New 
York City. 


Apply to: Director, The Page and William Black Post-'sraduate 
School of Medicine, Mount Sinai School of Medicine, One Gustave 
L. Levy Place, New York, NY 10029: (212) 650-6737. A159 
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Concurrent Conference 
on Audiology 


and NeuroAudiology 









OTC 


A Conference on Otology and Neurotology 


ít 2 June 2-3-4, 1983 suid 
= HYATT REGENCY SAN FRANCISCO: 3 
eo ee p Program Director: Mor 
Rodney Perk ns, MD 


Sponsored by Prasect HEAR 
1801 Page Mill Road 

Palo Alto, Califormia 94304 
415/494-2000 


CME: 24 Hours Category I 


POSTLARYNGECTOMY VOICE RESTORATION 


Eye. Ear Hospi 
Manhattan éThroat Hospital 


DEPARTMENT OF OTOLARYNGOLOGY 
SATURDAY, MAY 14, 1983 


GUEST OF HONOR — JOHN J. CONLEY, MD 


FACULTY 
Sebastian Arena, MD, Pittsburgh; Stanley Blaugrund, 
MD, New York; Eric Blom, PhD, Indianapolis; Robert 
Eberle, MD, New York; Myron Shapiro, MD, Newark; 
Ronald Spiro, MD, New York. 


This one-day intensive course will outline the develop- 


ment of voice restoration procedures, and cover the cur- 
rently used methods, patient selection, and pitfalls. Em- 
phasis will be on practical applications of the techniques 
presented. including patient demonstrations and a trouble- 
shooting session. Panel discussions will highlight the 
clinical experience from various institutions. The concept 
of involving the physician, speech pathologist, and nurse as 
a team is stressed. 


FEES: Practicing physicians, $125; Residents, $75; Speech 
pathologists? $45; and Nurses, $45 (lunch included). 


CME Credits — 8 hours — Category I 


Contact: H. J. Poetsch, MD, Department of Otolaryn- 
gology, Manhattan Eye, Ear & Throat Hospital, 210 East 
64th Street, New York, NY 10021; (212) 605-3747. 
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Brief Summary. 
Consult the package literature for prescribing information. 


In otitis media' with effusion... 


Indications and Usage: Ceclor* (cefaclor. Lilly) is indicated in the treatment 


following infe when Caused by susceptible fthe jesigr jted 


organisms 


media caused by Streptococcus pneum 


is 
Lid 


niae), Hae [ U uenzae, stapny ) ] pyogene 


125-mg/ 5-ml and 25C-mg/5-ml ora! suspensicns ; 
(group A beta-hemolytic streptococci) 


® Appropriate culture and susceptibility stucie hould be performed t 
jetermine susceptibility of the Causative organism tO Lecior 
Contraindication: Ceclor is contraindicated in patients with known allergy tc 
the cephalosporin group OF antibiotics 
Warnings: iN PENICILLIN-SENSITIVE PATIENTS. CEPHALOSPORIN ANTIBIOTICS SHOULD BE A 
MAINICTEREN CALITIOUSIY THERE ICAL ANT | ARNRATNRY EVIDENCE OF PARTIAL CRO! 
ALLERGENICITY OF THE PEN NS AND THE CEPHALOSPORIN AND THERE ARF INSTANCES IN 
WH H PATIENT HAVE HA 3E NS N !1 N ANAPHYAX BOTH M ASSE 
Antibiotics, including Ceclor, should be administered cautiously to any patient 
Pseudomembranou litis has been reported with virtually all broad 
pé trum antit + ' 4 ) nacrolidt om mmthet neni hr ind 
epNndlOspl ert f por tal f iQ in patie 
offers an DY j e prir ary AUSE 1 ntit t } T lit N 
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Ut J l it VII CVUIL li Va y C U uy Y UILE 
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Precautions: Gener 


Documented clinical effectiveness agcinst e 
Haemophilus influenzae, including both amoxicillin/ eec 
amcicillin-sensitive and amoxicillin/ampicillin- 

resistant strains. ephal Elke: ns dieere t tan 2: os 
Alsoclinically effective against Streptococcus FUE RUNE arse a DENSIS SIM 
pneumoniae (pneumococcus), staphylococci, and Laot eri DE en CU E alu a Coon nbn ar 
S. pyogenes (group A beta-hemolytic streptococci). porary studies should be made because safe dosage may be lower than tha 


Dr ] ] [ SE 
nn M t 
I 
Vill Avera 
t 1 
int 
» tf, 
fants less than one mor sae have 
Adverse Reactions: Adverse e 
infi fin3 MANAY r 7 yt jt P ornant $ - tient 
} 
tom: t } na or f 
en er 
„ASi 
} 
i 
r i quer jults SI! 
er e f 
t 
He k + | 


3nd aenit 


x | E | ! Hi i i ro ated d t erap i | led i in p Lin EN 
H. influenzae Kreis pole 
Scanning electron microscopy ratory test results have baen reported: Although they were of uncertain etiology 
(x 8550). Pegani Siart eearors oi SCOT SGPT oraka regt 


© 1982. ELI LILLY AND COMPANY 


Ceclor i contraindicated in patients with known allergy to cephalosporins and should Eli Lilly and Company 
be giver cautiously te penicillin-allergic patients. ly Indianapolis, Indiana 46285 


"Due to susceptible strains of S. pneumoniae (Diplococcus pneuMoniae)_H influenzae Eli Lilly Industries, Inc. 


staphyiccocci. and S oyogenes (group A beta-hemolytic streptococc ) Carolina, Puerto Rico 00630 
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The Future of Microscope Technology 


Richards new Practitioner || 
Microscope features a revolutionary 
solution to fiberoptic problems — 
liquid light optics. By conducting light 
through a liquid medium rather 
than breakable glass fibers— which 
contain a darkened dead area—a 
significantly brighter light is obtained. 
This longer lasting Liquid Light 
Guide is up to 4 times brighter than 
many other microscopes. 


An additional feature of the 
Practitioner Il is the improved Optical 


Prism Assembly which, when used 
with the Liquid Light Guide, can 
increase the area of illumination up 
to 186%. 


Other features include an im- 
proved Column, Base and Swing 
Arm, and two 12.5x Locking Diopter 
Eyepieces. These elements som- 
bine to make the Practitioner || one 
of the most advanced systems in 
microscope technology. 


See for yourself. Contact your 
local Richards representativa for 


detailed information about Richards 
new Practitioner || Microscope with 
Liquid Light Guide and a FREE 

45 DAY TRIAL. 


MICROSURGERY 











EDITORIAL 


The most rapid change in the history cf the Annals has occurred over the past year. The election of a new 
editor by the Board of Directors was followed quickly by the appointment of a new managing editor and a 
new business manager, reconstituting the zroup that form: the heart of the Annals company. These changes 
were brought about by two main factors: first, the prescient wish of Ben Senturia to effect a change in the 
chief stewardship of the Annals in a thoughtful and orderly manner, and second, the retirement of the 
managing editor of many years, Bess Arick So many changes occurring closely together could have posed ma- 
jor operational problems, especially since they were followed so quickly by Ben's death, which saddened us 
last summer. Even after changing roles from editor to coeditor he continued to have major input into the pro- 
duction process. But his wisdom and planning with the Board of Directors enabled the transition to proceed 
with hardlv a ripple. It has been very heartening to receive telephone calls and letters from a great many in- 
dividuals offering help in this transition period. I am very appreciative of such support. 


The past vear marks another signal event — publication of the 100th Annals supplement. This format for 
publication has been extremely successfu. in meeting the particular needs of many of our authors. It is 
popular not only because it affords more rapid publicatior, but also because it gives the author's material a 
certain dignity which derives from separete identificatior. We are very proud that the list of supplement 
authors constitutes a "Who's Who" in the specialty. 


I would like to express appreciation to our Board of Ed:tors for the immense contribution they have made 
to the consistently high quality of the contents of our issues. Ours is an honorary board, but the names on our 
masthead are not there simply in recognit.on of the excellence of these persons in our specialty. They are a 
working board who serve you as readers a: they would serve their friends, closely examining, weighing and 
evaluating manuscripts to insure that only those worthy oi your time are offered in the Annals. There is no 
monetary compensation. Often I am embarrassed to realze the amount of time invested bv many of our 
board members in reviewing, suggesting revisions and r2-reviewing manuscripts. The rejection rate for 
materials submitted for publication is approximately 60% for independent papers, and much more time is 
spent reviewing and detailing the reasons ‘or rejection of 2 paper than for acceptance. Further, nine of ten 
papers accepted undergo at least one revision, and it is not unusual for a paper to undergo four. Every revi- 
sion is reviewed as critically as the original. 


I am also deeply indebted to that legion of reviewers not on our editorial board, in this country and 
throughout the world, whom we have caled upon from time to time because of their special expertise. 


The year 1983 holds much promise, hope and some real fears. The chief hope is for continued peace 
among the great nations of the earth despi:e the buildup o: a range of destructive instruments. Our promise 
for the future is in the scientific leadership nurtured in our public and private institutions and the contribu- 
tion these physicians and scientists can make to the quelity of life throughout the planet. Because the 
regionalism of journals that emphasize on.v American papers seems inappropriate in the present shrinking 
world, the Annals will continue to strive to serve the international community of otolaryngologists. 


Brian F. McCabe, MD 
Editor 
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INTERFERON AND LARYNGEAL PAPILLOMATOSIS 
THE IOWA EXPERIENCE 


BRIAN F. MCCABE, MD 


KEITH F. CLARK, MD 


Iowa City, Iowa 


Preliminary findings are presented from an ongoing clinical trial of 19 patients with moderate-to-severe respiratory papillomatosis. 
The patients were treated with partially purified human leukocyte (alpha) interferon; after treatment periods ranging from 6 weeks to 12 
months, six had no residual disease, seven had minimal residual disease, four hac moderate disease not requiring rescue laryngoscopies, and 
two had not responded to treatment. No patient had to be removed from the study because of drug toxicity. Although these appear to be 
among the best results in the literature to date, we do not know how long treatment will be required. 


INTRODUCTION 


Since Marcellus Donalus' reported “warts in the 
throat” in the 17th century, adjectives such as 
relentless, proliferative, befuddling, invasive and 
vexing have been used to describe juvenile laryngeal 
papillomatosis (JLP). Over 100 years ago MacKen- 
zie’ differentiated this disease from other laryngeal 
masses and used the term papilloma. He reported it 
to be the most common benign tumor of the larynx. 
Curative treatment continues to be elusive, and the 
judgment by Clark? in 1908 that papillomas will not 
respond to treatment until their period of active 
growth has passed may well be appropriate today. 
Although a myriad of treatments have been tested 
over the years, children and adults with papillo- 
matosis continue to experience hoarseness, airway 
obstruction and tracheopulmonary invasion despite 
frequent operative procedures. 


Recently Haglund et al* stimulated interest in the 
possibility of using interferon in treatment of JLP. 
They described definite response in each of seven 
patients treated with human leukocyte interferon 
prepared by the Finnish Red Cross Blood Transfu- 
sion Center. However, only two of the patients re- 
mained disease-free after interferon treatment was 
discontinued. Goepfert et al’ reported 12 patients 
treated with interferon from the same source, five 
with complete response but with only two of five 
sustained; three with good response with one of 
three sustained; two, moderate response with one of 
two sustained; and two, slight response, with both 
sustained. Patient age ranged from 2 to 35 years. 
The main dose-limiting side effect was SGOT eleva- 
tion. Again, papilloma proliferation and growth 
was observed to increase when the interferon dose 
was reduced in amount or frequency. They consid- 
ered their experience with that interferon discour- 
aging and discontinued its use. Gobel et al? reported 
the unsuccessful use of human fibroblast interferon 
in two children in whom they subsequently achieved 
complete control with human leukocyte interferon. 


A variety of synthetic compounds capable of in- 
ducing interferon production in vivo has been 
reported.” Leventhal et al* described treatment of 
two children with aggressive JLP involving the 
tracheobronchial tree. High serum levels of inter- 
feron were induced with a synthetic polynucleotide, 
but the pulmonary course was unaltered and the 
benefit limited to a reduction in the frequency of 
operative procedures. 


Interferons are polypeptides produced by virtual- 
ly all eukaryotic cells in response to viral and non- 
viral stimuli. Classification is based on cell of origin 
and tvpe of inducer. Type 1 interferons are induced 
by viruses and include leukocyte (alpha) and fibro- 
blast {beta) interferons, while type 2 includes im- 
mune (gamma) interferon which is secreted by lym- 
phocytes following a specific antigenic or mitogenic 
stimuius.”? These interferons each have distinct 
physicochemical properties and clinical effects. 


Mieroquantities of interferon are required for the 
deveiepment of the antiviral state, but the actual 
mechanism is incompletely understood and thought 
to involve a complicated sequence of events. Bo- 
reckv ? suggested that interferon may act on several 
viral activities: viral uncoating, transcription of 
viral genome, viral protein svnthesis or virus 
assersbly. He also described antiproliferative and 
immunoregulatorv effects. 


Viral presence is thought to be the necessary con- 
dition for JLP: however, the evidence to date is in- 
direct. It is assumed that human papilloma virus 
(HPV: is associated with mucosal papilloma, but 
HPV has not been reproducibly identified in this le- 
sion. Lack of a successful cell-culture system and in- 
ability to isolate the virus have hampered study of 
the molecular biology and genetics of HPV." HPV 
is known to be a double-stranded DNA virus with at 
least tive serotypes, each causing tissue-specific in- 
fections." Much of the difficulty in proving viral 
presence may stem from the possibility that HPV ex- 


From the Department of Otolaryngology-Head & Neck Surgery, University of Iowa: Iowa City. 
REPRINTS — Brian F. McCabe, MD, Department of Otolaryngology-Head & Neck Surgery, University Hospitals, Iowa City, IA 52242. 
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TABLE 1. PATIENT PROFILES 





Rescue 
Age at Endoscopy Papil- Age at 
Diagnosis Interval loma Entry 
Case r wk Site Tracheostora r 
l 2 l Larynx No 3 
2 ] 3 Larynx Yes 3.5 
3 5 4 Larynx No 5 
4 3 4 Larynx No 4 
5 l 4 Larynx No 2 
8 0.6 4 Larynx, Yes 2 
trachea 
T 1.5 4 Larynx, Yes 2 
trachea 
8 2 4 Larynx No 3 
9 0.8 3 Larynx No 2 
18 1.6 2 Larynx, No 3 
li 0.7 8 Trachea Yes 2:5 
12 i & Larynx No 2 
13 l 6 Larynx No 3.5 
14 2 4 Larynx, No 1 
trachea, 
lung 
15 l 24 Larynx, Yes I] 
trachea, 
lung 
16 2 8 Larynx, No 15 
trachea, 
lung 
17 12 12 Larynx No 42 
18 1.5 12 Larynx, Yes 17 
trachea, 
lung 
19 2 6 Larynx, Yes 24 
trachea 


ists only in superficial layers of mucosa or epithe- 
lium, may incorporate viral DNA into the genome 
of infected cells, or may exist in a masked cr naked 
form.'^'* Recent work in molecular biology aimed 
at confirming viral etiology in this disease has in- 


chided techniques of nucleic acid hybridization, en- 
denuclease mapping and immunohistochemical 
anmalvsis.!*'!* 


Unequivocal antiviral effects have been demon- 
strated in animal and human trials using human 
leukocyte interferon therapy." Antiviral effects can 
be seen at doses that appear not to result in serious 
side effects.'* This report presents experience with 
human leukocyte interferon treatment in patients 
w:th "viral" respiratory papillomatosis. 


METHODS 


Nineteen patients were entered into a prospective study to ex- 
amine the efficacy and toxicity of partially purified human 
leukocyte interferon injected three times per week. Patients with 
mederately severe to severe histologically proved respiratory 
paoillomatosis were selected. Moderate severity was defined as 
disease requiring endoscopic removal more frequently than every 
3 months for airway rescue, or evidence of progression to new 
anatomic sites. Patients requiring tracheotomv or with tracheal, 
brenchial or pulmonary involvement were termed severe. Age at 
en*ry ranged from 1.5 to 42 years. The procedures and possible 
sid? effects were described in detail and informed consent was ob- 
tained from each participant prior to entry into the study. 


All patients were admitted to the hospital for pretreatment 
evaluation, Tests included complete blood count with differen- 
tiai. platelet and reticulocyte counts; liver and renal function 
tes:s; immunoglobulin quantitation; chest roentgenography and 
lurg tomography as indicated: vital signs with height and weight 
mapping. Pretreatment tests were repeated at approximately 
l-raonth intervals. As treatment progressed testing frequency 
varied according to side effects, dosage and timing of treatment. 


Partially purified human leukocyte interferon was purchased 
from the New York Blood Center, Inc, and stored frozen until 
use Intramuscular injections were given three times per week. 
Ini ial doses for children were generally 3-million units per injec- 
tion, while older patients received between 4-million and 
10-million units. Family members or patients were taught to ad- 


TABLE 2. EFFECTIVENESS OF INTERFERON TEEATMENT IN MANAGEMENT OF 19 PATIENTS WITH PAPILLOMATOSIS 


re rr RT HHA AIL HE RHR RAN RAHA EAA ahnlr a aa 


Residual Disease at 6-week Intervals 
Month of Therapy 





Case 1.5 3 4.5 6 7.5 9 
I Min Free Mir 
2 Min Free Free Min 
3 Free Free Min Free 
4 Min Min 
5 Min Min Mod Moc 
6 Mod Mod Min 
7 Min Min 
8 Mod Mod Mod Mod 
9 F F F F 


10 Mod Min 
FI Free Free 


12 Free Free Free 

13 Min 

14 Mod 

15 F Mod Mod 

16 Mod Min Mod Mod Moc Mod 
17 Mod Free 

18 F F F F 

i8 Mod 





10.5 12 Tempora 
Free Free WBC 3,800/unL with 3 million units 





Mir Thrombocytopenia 50,000/4L with 3 million 
units 


WBC 4,000/uL at 8 months with 3 million units 


SGOT to >100 IU/L with 3 million units 
Frequent fever 


WBC 3,800/4L with 2 million units 


WBC 3,000/4L with 3 million units 
WBC 2,900/uL with 5 million units 
WBC 3,200/nL with 5 million units 


Free - No residual disease; Min - Minimal residual disease; Mod - Moderate disease present but no rescue laryngoscopies necessary; F - Failure, no 


response and rescue larvngoscopies necessary. 
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Fig 1. (Case 3) A) Diffuse papillomas 
with posterior airway before interferon 
treatment. B) Larynx after 6 weeks’ treat- 
ment. 


minister the drug and did so at home in most cases. Follow-up en- 
doscopy was performed approximately 2 weeks after entry into 
the study and routinely thereafter every 6 to 12 weeks. Biopsy and 
photographic and diagrammatic documentation were done prior 
to CO, laser and/or microsurgical reduction of the lesions. No at- 
tempt was made to eliminate all lesions but only to establish an 
airway or to reduce the antigenic tumor load. 


The protocol we established specified a decrease in dose of one 
third every 3 months until a maintenance dose of one third the 
pretreatment dose is reached. All patients receive treatment for 1 
vear. One patient has reached that point, and treatment has been 
stopped. Higher dosage levels and/or constant levels are used in 
adult patients or patients with residual disease. Interferon is 
stopped temporarily (usually 1 week) if the WBC drops below 
4.000. nL, platelets below 75,000/nL or SGOT is above 100 IU/L. 
Interferon treatment resumes when values return to normal or at 
least to near normal. Treatment is interrupted when constitu- 
tional symptoms are not controlled by Tylenol. Persistent toxicity 
requires dose reduction. In no patient has toxicity required cessa- 
tion of treatment. 


From November 1981 to November 1982, 13 children under 6 
years old, two aged 6-14, and four over 14 years old received in- 
terferon treatment (Table 1). Treatment periods ranged from 6 
weeks for the newest patient to 12 months for the oldest. All pa- 
tients received three injections per week and dose level varied 
from 1 million to 10 million units. None of the patients under 6 
vears old received more than 4 million units per dose. The single 
patient who was not treated with CO, laser excision received 
ultrasound therapy before entry into the study. Seven patients 
received preinterferon (solely surgical) management at this in- 
stitution and the remainder were referred from other parts of the 
country. 








RESULTS 


Six o: the 19 patients were papilloma-free at some 
point during the study (Table 2 and Figs 1 and 2). 
Of thes2, three were treated over a 9-month period 
and underwent dose reductions to 1 million units. 
Two of the six had papilloma regrowth and subse- 
quent cose elevation. One patient could not tolerate 
3 million units because of polymyalgia and arth- 
ralgia but tolerated 1 million units well with only 
minimzl residual disease after 8 months. After 
treatment seven patients had minimal residual dis- 
ease, aid four had moderate residual disease but 
not sufficient to require rescue laryngoscopies. Two 
patients were failures despite a constant dosage 
level. 


Seven patients had minimal-to-moderate persis- 
tent disease and were maintained on initial or 
elevated dosages for more than 4 months. 


Eizh: of the 19 study patients had tracheal pap- 
illomatosis. Five showed improvement of their 
tracheal] disease after treatment and two were 
decannulated (Fig 3). Of the four cases with 
pulmor.ary papillomatosis, two (14 and 16) showed 
radiographic evidence of improvement. 


No evidence of significant toxicity was observed 


Fig 2. (Case 4) A) Papillomas along true 
vocal cords before interferon treatment. 
B) True cords after 2 months’ treatment. 
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in -his study. Most patients had the expected reac- 
tioas of fever, chills, anorexia and occasional 
vomiting during the first 2 weeks of treatment. 
These side effects were dose-related and -esolved 
within 48 hours after injection. Each subsequent in- 
jection was associated with fewer systemic reac- 
tioms, and Tylenol was helpful in preventing reac- 
tiors. 


Many patients experienced sporadic, t-ansient 
ter perature elevations throughout treatment and 
several of the younger patients routinely had tem- 
perature fluctuations on the day of injection. One 
pat ent had a seizure 24 hours after injection: this 
pat ent was febrile (40.5C) from an upper respira- 
tory infection but did not have a history of febrile 
seizures. There was no significant correlation be- 
tween extent and severity of side effects and regres- 
sior of papillomas. Several patients had mild 
erythema and induration at the site of inject on ear- 
ly in the course of treatment, but there were no 
serious injection-site reactions. No significant 
growth disturbance, weight loss, renal toxicity, 
alopecia or altered susceptibility to infecticn were 
observed. 


In six patients the WBC dropped below 4.000/4L 
but returned to normal after withholding interferon 
for _ week. Two patients experienced a secor d tran- 
sien- bout. 


Cne patient had thrombocytopenia on several oc- 
casions which resolved each time after a 1-w»ek rest 
from interferon. This patient had a pretreatment 
platelet count of 123,000/uL which dropoed on 
three occasions to the 50,000 to 75,000 rang» with- 
out symptoms or signs of bleeding. The patient was 
tapered to 1 million units and has had no ‘urther 
thrombocytopenia below 100,000/nL. 


Serious elevation of liver function tests was not 
observed. Most of the children under 15 vears old 
had SGOT results of approximately 60 IU/L. None 
of the older patients experienced elevation of liver 
function tests. One patient had SGOT elevation to 
around 150 IU/L after maintenance for 6 months on 


ur 


Fig 3. (Case 16) Tracheal papillomas (ar- 
rows). A) After 3 weeks’ interferon treat- 
ment. B) After 3 months’ treatment. 


3 million units of interferon. This occurred while 
the patient was receiving doses of 3 million units 
and undergoing general anesthesia weekly in the 
treatment of laryngeal stenosis. Liver enzymes con- 
sis:ently rose on the day general anesthesia was ad- 
ministered and fell between operations, indepen- 
dently of dosage modification. Over a 2-month 
period with doses of 2 million units, this problem 
resolved. Hepatitis screening was negative and 
bilirubin level normal. 


DISCUSSION 


juvenile laryngeal papillomatosis can be an ag- 
gressive and tenacious disease involving significant 
merbidity and economic cost. Majoros et al’? 
reviewed a large series of patients treated with 
mierosurgical removal of papillomas in 1964. None 
of the patients with disease beginning during the 
first 7 vears of life had remission in less than 3 vears. 
and the average duration of disease was over 12 
vezrs. Todav treatment with repeated hospitaliza- 
tions for laryngoscopic removal would require ex- 
penditures of many thousands of dollars over 12 
vears; costs the first 3 vears, assuming four admis- 
sions per year at approximately $3,000 per admis- 
sion, would be well over $30,000. Some of our pa- 
tients required more than 12 admissions in just ] 
vear, incurring an annual cost of over $30,000. 
Strong et al"? presented a review of patients treated 
with CO, laser ablation. Only three of 18 patients 
with tracheobronchial tree disease had remission 
after repeated operations over an apparent 3-year 
period. The authors suggest that something more 
than total ablation is needed before papillomas can 
be eradicated consistently and permanently. 


Considering the natural history of JLP, its 
presumed viral etiology, and the variety of treat- 
ments that have failed to cure it, further clinical 
trials with interferons are justified. Basic scientific 
knowledge about interferon has expanded con- 
siderably since Isaacs and Lindenmann”! first dis- 
covered it in 1957. Numerous therapeutic models 
have shown that interferon modulates viral infec- 
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Fig 4. (Case 14) X-ray film showing severe cavitary pul- 
monary papillomatosis. 


tions. Although it has been well established that vir- 
tually all viruses are susceptible to the activity of in- 
terferon, the underlying mechanisms are only 
vaguely understood. 


The leukocyte interferon used in this study was 
purchased from the New York Blood Center 
(NYBC). It is pooled from buffy coat lymphocytes 
and is approximately 1% pure. This preparation is 
similar to that produced by the Finnish Red Cross 
Blood Transfusion Center. Both alpha interferons 
have at least four distinct subtypes of interferon ac- 
tivity. Highly pure DNA-recombinant and lympho- 
blastoid interferon may prove useful in the treat- 
ment of JLP as data from clinical trials are col- 
lected. This remains to be seen. Purity of interferon 
preparations may have an influence on both re- 
sponse and side effects. NYBC is currently prepar- 
ing a highly purified alpha interferon that may be 
released for clinical trials soon. 


Results of the present study are consistent with 
those reported by Haglund et al* and Goepfert et 
al.? but seem to be a little more encouraging. We 
need more experience to say more. We identified a 
primary group of sensitive patients who responded 
readily during the early stages of interferon treat- 
ment. A secondary group benefited but had some 
persistent disease despite continued full-dose treat- 
ment with interferon. This is an interesting group 
— would a different interferon have achieved bet- 
ter results? We are in the process of pursuing this 
alternative. We also identified a small group of pa- 
tients who seem to be poor responders. Differences 
cannot be explained on the basis of disease site or 
duration before treatment. There seems to be no 
relationship between response and level of toxicity 
or side effects. The only correlation was with age, 


ie, the most dramatic responders were children in 
the voungest age group. 


Toxicity was mild, transient and dose-dependent; 
although all patients experienced some, no patients 
were removed from the study because of drug-re- 
lated tcxicity. 


The main dose-limiting side effect reported by 
Goeptert et al,* SGOT elevation, was not seen in 
this study. The major differences between the two 
studies are frequency of administration and source 
of interferon. They generally used higher doses 
more frequently (on a daily basis) with adults and 
slightly lower doses with children. Appropriate fre- 
quency and dose level as well as type of interferon 
thus seem important to us. 


Karly response of pulmonary papillomatosis to 
interferon has been documented in two cases (14 to 
16). This seems to us particularly important in this 
study. It is hard to make much of just two cases, 
however. In cases 14 and 15 the lung lesions fluc- 
tuated in size prior to treatment, making assessment 
of the effect of interferon difficult. Pulmonary 
papillomatosis (Fig 4) is particularly troublesome 
because mortality in JLP, aside from that related to 
operative incident or acute airway destruction, is 
caused by destruction of pulmonary tissue which 
radical efforts, including pneumonectomy, seem 
unable to contain. 


The most troublesome finding is regrowth of pap- 
illomas after interferon treatment has been stopped. 
This phenomenon has been observed by others.*? 
Goepfert et al? reported breakthrough growth after 
4 to 7 months of interferon treatment. Our ex- 
perience is still ongoing, but we have seen regrowth 
after dropping the dosage level in two patients who 
were dramatic responders initially (cases 2 and 3). 


Our data indicate that partially purified human 
leukocyte interferon from NYBC is safe and effec- 
tive in many patients with JLP. Data also indicate 
that many children are spared a long sequence of 
rescue larvngoscopies involving hospitalizations, 
trips to the operating room with the attendant mor- 
tality risk of a tiny airway already seriously com- 
promised, and, it should be added, strain on the 
coronary arteries of a very worried laryngeal sur- 
geon. 


FINAL COMMENT 


We should note that the nearly 500 laser laryn- 
goscopies performed in this study (Table 1) and on 
other patients in this institution have given us a 
healthy respect for the potential damage that the 
laser can do to small larynges. Anterior commissure 
webs and posterior interarytenoid scarring com- 
promising abduction have been a significant prob- 
lem in some patients. We believe this to be the re- 
sult of the laser, which can produce scar contrac- 
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ture we did not see in the days of removal by for- 
ceps. We urge laser users to consider avoiding the 


commissures, and in other areas to de-bulk rather 
than seek total extirpations of visible papillomas. 
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PSYCHOLOGICAL PROBLEMS OF THE DEAF 


L. B. W. JONGKEES, MD, PHD 


AMSTERDAM, THE NETHERLANDS 


Although hearing is known to play a major role in the psychological development of human beings and their interactions in the society 
and culture, very little research on the effects of hearing loss on the psyche and its development has been undertaken. This paper discusses 
the problems of deafness as they impinge upon personality, its development anc social adjustment, acquisition of language. and parenting. 
The physician's role as it relates to the deaf patient and to the parents is described. | 


INTRODUCTION 


The greatest handicap of deafness lies in the fact 
that it leads to loneliness, introversion and unsoci- 
ability by separating a deaf person from others with 
normal hearing through lack of the optimal 
pathways of communication. Early deafness occurs 
at the time in life when perhaps the most important 
stimulus a child receives — the sound of the human 
voice — is absent. Without this stimulus the child 
may go through life without making significant 
contact with the society and culture into which he 
or she was born. From medieval times to the pres- 
ent, this fate has not been, and still is not, uncom- 


Reactions to deafness by the hearing world have 
not changed fundamentally over time. It seems re- 
markable that some forms of disability make a deep 
impression on us, while other handicaps appear to 
have little effect. Not so long ago people went to the 
madhouse to enjoy themselves, looking at the funny 
gestures of the patients, listening to their muddled 
talk and even arousing them to excitement in order 
to hear bad language and invective. In those days, 
the position of the deaf was especially difficult be- 
'ause thev were thought to be “possessed by the 
devil” or, at least, morally deficient. The deaf could 
not obtain “the true faith” since in the Holy Scrip- 
tures is written fides ex auditu (faith comes from 
hearing). 


In this century we are not totally free from such 
attitudes. When I was a boy, children wearing spec- 
tacles ran the risk of being hooted after. Today, 
laughing at a blind man, a cripple, or a severely re- 
tarded person is unacceptable; but these are highly 
visible disabilities. In instances where the handicap 
is not as immediately and grossly obvious, our com- 
passion and our delicacy are all too often absent. To 
laugh at an inappropriate response given by a deaf 
person who has misunderstood the question or the 
context is not uncommon. Jokes about poor hearing 
are generally regarded as humorous and accepta- 
ble, when, in fact, they reflect extremely limited 
sensitivity to the needs of this group of handicapped. 


Bertolt Brecht reminds us in The Threepenny 
Opere, "Those who are in the light can be seen, but 
one does not see those who are in the dark." I shall 
try to bring the deaf person somewhat more into the 
light. 


DEAFNESS: EXTENT AND NATURE 
OF THE DISABILITY 


on a »egular basis. The need for understanding and 
a degree of empathy is, thus, widespread. While it 
is nct possible to discuss the problem in a complete 
and definitive manner, it is my purpose to highlight 
particular aspects of profound deafness as thev re- 
late to the quality of life. 


Deafness is a very serious disability. In nature, a 
blind animal can exist (witness the mole that is 
blind and the kiwi that is nearly blind), but among 
vertebrates those born deaf are never able to sur- 
vive: even those losing their hearing later very rare- 
ly survive, even if they live in a herd. Deaf animals 


survival. For human beings, the warning function is 
perhaps not so critical as it is for a rabbit or even a 
lion. Nevertheless it’s important. Imagine the ap- 
palling sensation when suddenly someone stands be- 
fore vou, without vour having prior clues to his 
presence. This "someone" easily could be a fast 
motorcvcle or car. Or, visualize vour small. noisy 
son suddenly jumping upon vour knees without 
vour 5aving noticed his approach. This kind of im- 
aging can perhaps help us understand better one of 
the psychological difficulties a deaf person must en- 
dure. 


Functions of Hearing in Human Beings. The 
sense of hearing enables human beings to establish 
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contact with others through language. It makes hu- 
mens social beings, able to speak, to express them- 
selves and to think. 


As an organ of warning and of contact with 
others, hearing is extremely important, but there is 
still more to it. Hearing is the sense that keeps us in 
comtact with life itself. The rhythm of life is thus 
mznifested to us: even in complete silence we hear 
our heart beat, we perceive the flow ef blood 
through our vessels, we listen to the activitv of our 
intestines or to the contractions of our muscles. Our 
boad with our noisily living bodies is so strong that 
the sudden loss of hearing must have tremendous 
imoact. Persons have reported the sensation that 
one "loses contact with life" and "feels oneself dead 
among the living," or "walks about like a dead 
men." These are characteristic expressions concomi- 
tart with sudden hearing loss. 


suicide rates are also higher among those who 
have suddenly become deaf than in the general 
pooulation. In wartime, the highest incidence of 
suicides was found among the wounded with sud- 
dea deafness and not, as one might presume, among 
the severely mutilated. 


The sense of hearing is of great significance for 
the normal existence of the individual both with re- 
spect to social interactions and to personal life. This 
is perhaps nowhere more evident than in the small 
talx, the standard openings and closings of everyday 
interactions. We greet each other and indicate 
availability, openness, interest, concern, assent, 
dissent, and needs with trivial kinds of utterances 
which convey meaning but which, in many in- 
stances, we regard as not worth the effort ef saying 
mcre than once. We do not enjoy repeatirg unim- 
po-tant things, yet human relationships depend in 
pact on such interaction. 


aore 9f 5 fie doi en pi d and hear- 


fais. a blind can receive some benefit iom ie 
sharpening of their hearing, which is helpful in 
adapting to a dark world. For the deaf, | owever, 
the sense of sight cannot function above the normal 
lewel. Sight is directed by hearing. Withoat sound 
stimuli, visual capacity is reduced. The sigbt of deaf 
people is not sharpened, but blunted. In a group, a 


deaf person is unable immediately to read the lips of. 


the person speaking because there is no way to know 
where to look. 


Oppressive Qualities of Deafness. Most people do 
no: understand the importance of deafness because 
it cannot readily be imagined. Anyone can exper- 
ierce the disabilitv of blindness simply by walking 
ou: of doors on a very dark night, or by closing his 
or her eyelids. But no one can become temporarily 
deaf. and nature does not provide "earlids." 
Moreover, in modern life, many people are annoyed 


bv noise and seem to yearn for silence, but it is not 
the total silence experienced by the deaf that is 
sought. 


What is it that makes quietness so dear to us? In 
describing silence the poet refers to sounds: a breath 
of wind whispering in the treetops, a murmuring 
bxooklet, the breaking of a twig. Why is silence so 
restful, so soothing? Because relative silence enables 
us to perceive distant sounds, it creates a feeling of 
infinite space: a church clock chiming miles awav 
or the evening cry of a distant bird. The world is 
vast, but because we rarely experience it with our 
senses, we very deeply enjoy the feeling of belong- 
ing to it, though we usually do not realize that this 
jow is caused by “hearing silence.” 


The oppressive thing about loud noises is that 
they give us the feeling that the world is crashing i in 
or us. In a knitting mill, near a jet plane, or in a 
beilermaker’s workshop, the world is no greater 
than what is enclosed in the raging noise. Similarlv, 
inthe silence of deafness no vital space is present, no 
feeling of freedom. aea ip for the deal is 
V clue by aos wW vith iiS mix ; which im 
them to experience a widening of their vital space 
ard a feeling of relatedness to the universe. 


A few vears ago, one of the terrors of space travel 
was believed to be the soundlessness of outer space. 
A journalist describes his feelings after being in an 
echoless room: “In a lugubrious room, made un- 
penetrable to sound on all sides, completely sound- 
proof, I experienced what the silence of space might 
mean. This complete absence of sound is an unbe- 
lievable terror. One can bear it as some new ex- 
perience while vour friends are waiting outside the 
deor of the laboratory to open it, as soon as you call 
them, but I did not need very much imaginative 
pewer to realize that such an inhuman, ghastly, 
dead silence could eventuallv lead to despair, a 
hysterical and disastrous despair, if one had to en- 
dure it in the perfect solitude of space" (personal 
ccmmunication). I might add, " . or in the 
solitude that surrounds a deaf person." The deaf 
person differs from the journalist in a crucial way: 
he cannot open the door of the soundproof labora- 
tory and come out into the hearing world. 


DEVELOPMENT OF LANGUAGE 

Language development in a normal child in- 
vclves a sequence of events that starts at birth from 
al kinds of sensory communication with the moth- 
er The instinctive behavior of the mother (who 
needs not be the natural mother) while nursing and 
soothing the child by talking enables the child 
gradually to acquire mastery of the language of the 
ervironment. The child learns the mother's tongue 
in her lap. 


i will be ind that the situa ae a deaf oe 
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ment impossible. In the normal child, hearing is ac- 
tive from the start. The steps and the voice of the 
mother announce a dry diaper; jingling cups and 
plates predict food; and the funny cries of enrap- 
tured father, grandmothers, and other relatives 
bring agreeable sensations of being held and fon- 
dled. Since most of these sounds have a pleasant as- 
sociation, baby's attention is attracted more and 
more. He or she does not merely hear and show 
some auditory reflex movements, but starts to listen 
and to trace the source of the sounds. 


At the age of three months, a child responds to 
the human voice, or speech. A baby copies, it seems, 
the mother, echoing her voice as well as her smile. 
In this jabbering phase, the ear as the steering ele- 
ment, and in the cybernetic sense, is of paramount 
importance. The jabbering sounds begin to take on 
the pitch, rhythm and timbre of the speaking 
world. Children "jabber" in French, Dutch, Chi- 
nese or Russian long before they start to use one 
word of the language. It is fascinating to observe 
how, in the second year of life, many children use 
strings of word-like sounds that strikingly resemble 
phrases their parents use and that are combined in- 
to sentences with the same rhythm and inflections 
of the language of adults. Though pseudosentences 
have no meaning, their value is enormous. By imi- 
tating verbal and linguistic patterns, the child de- 
velops the ability to communicate and make contact 
with others in an adult manner. 


At about six months old, babies start experiment- 
ing with the sounds they are uttering, and develop 
their own baby speech, constantly controlling it 
through hearing. 


At about one year old, children know the rhythm 
and melody of a language, and thus are able to 
begin to use words. They name important objects 
like ball, doll and milk, and some actions like eat, 
drink and sleep. They internalize such words ac- 
cording to the norms for these symbols in their cul- 
ture. Vocabulary is extended by listening, talking 
and listening, making mistakes and listening, cor- 
recting mistakes and listening. In this reciprocity 
and feedback enabled by hearing, children are able 
to gather a stock of words which later can be linked 
together in simple sentences. In this manner, chil- 
dren acquire that typically human gift, expressive 
language, which is the means of communication 
with others, and is the basis of future intellectual 
capacity and the ability to engage in abstract 
thought. 


In the deaf child, language development does not 
take place in this way. The deaf babv in the cradle 
does not have the opportunity to attach value to the 
sounds of the environment since no sounds are ex- 
perienced. The deaf child is secluded from the sur- 
rounding living word. 


PERSONALITY DEVELOPMENT AND 
SOCIAL ADJUSTMENT 


It is generally recognized that a concept of self- 
hood begins to develop during the second and third 
years of life, and is closely tied to language develop- 
ment aad training. To what extent are personality 
development and social adjustment affected by deaf- 
ness? It can be said that most deaf persons grow up 
in a restricted environment and, since they cannot 
communicate properly, they are in great danger of 
developing more personality disorders and less ade- 
quate adjustment than hearing children. 

Loneliness is a symptom seen in the deaf child at 
an early age and also in the severely hard-of-hear- 
ing. In interaction between brothers and sisters, the 
child with defective hearing stands alone. Friendly 
as well as angry sounds pass by unnoticed. The 
child learns to assess moods with difficulty. No 
word-p:ctures are found for things being observed 
with the eyes and, since our thinking, particularly 
with regard to abstraction, is word-thinking, the 
child probably becomes mentally retarded. Deaf 
children become intellectually starved by lack of 
concepts. When other children start playing, the 
deaf dc not understand the object of the game. 
Children lack tolerance and the deaf child may be 
cast out as an undesired element. Although cruel in 
nature, such a reaction may be understood psycho- 
logicallv as a defensive response against those who 
do not completely fit into the group. 


No Characteristic Deaf Psyche. Deaf children 
react according to their individual dispositions. 
They may withdraw or react aggressively with 
bursts ef temper or underhand tricks, just as normal 
children with hearing would do in similar cir- 
cumstances. There are no particular personality 
traits attributable to deafness. In any random group 
of children, some are quiet and some tempermen- 
tal, some aggressive and some gentle, and some 
stupid and some intelligent. 


It should be noted that among people with hear- 
ing loss. totally deaf children manifest fewer psy- 
chic difficulties than the partially deaf (the hard-of- 
hearing’. Congenitally deaf persons make fewer 
demands on themselves and others have fewer re- 
quirements. For those with less profound hearing 
loss, the inability to hear properly is a constantly 
felt shortcoming that tends to foster psychological 
complieations. Deaf people, including children, are 
not normal persons who lack only one function. 
Thev are human beings whose relations with the 
world around them have been changed fundamen- 
tally by the absence of a sense organ essential for 
meaningful communication. A deaf person is not 
simpiy one who has a diminished capacity to hear 
and interpret sounds, but a developing human be- 
ing experiencing serious disturbances at the root of 
his or her being. The deaf person is an individual 
who reacts normally to a very abnormal set of cir- 
cumstarces. 
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A hearing child hears mother coming and going. 
Life does not stop the moment mother gces away 
from the cradle, as it does for the deaf chilc. It does 
not stop each time visual and tactile stimuli fail to 
reach the child. Because footsteps, voices humming 
and thousands of other sounds from house and street 
do not exist for the deaf child, he or she remains 
alone, separated from the world, until the next time 
the solitude is broken. 


When stimuli are received, moreover, they come 
without any of the auditory warnings which cau- 
tion the normal child that something is going to 
happen. Hence, the deaf child is submittec to start- 
ling surprises many times a day. The rhythm of life 
of the deaf child is strongly influenced by the 
abruptness with which stimuli impinge u»on him. 
Therefore life itself, in the case of a deaf child, is 
disrupted. It "stops" any time visual ard tactile 
stimuli do nct reach the child in the semidark, 
warm and soft cradle. No sound disturbs the si- 
lence, and the child remains alone, separeted from 
the world until the next time the solitude is broken 
by stimuli abruptly reaching the other senses. 


Adjustment and personality problems o? the deaf 
child, to whatever extent they exist, probably re- 
flect primarily normal reactions to the particular 
circumstances. "In view of the fact that the mental 
picture of the world in a person's mind is Euilt up of 
our sense impressions from the outer worlc reaching 
the mind of the individual and that all the com- 
munication with the outer world is maintained by a 
constant flow of sense impressions, it is clear that 
any defect of this source of information must find its 
counterpart in the mental or physical condition of 
the individual.” 


Sir Alexander Ewing stated, “A fear o: isolation 
appears to lie in the minds of many deaf patients. It 
is inevitable that he should withdraw from social 
affairs and begin to avoid people. He may then 
spend too much time alone and brood about his 
trouble. His interests become narrowed: repressed 
social tendencies may cause bitterness and suspicion 
to flood his mind." 


Differences in Cases of Congenital vs Acquired 
Deafness. Psychological reactions probably are 
more acute in persons who become deaf later in life 
than in the congenitally deaf who have not learned 
to master language. Those who lose their rearing at 
a later stage. after having learned language. can 
take part in the mental life of their time and their 
surroundings. Children so profoundly dea: that nor- 
mal development of speech is not possible are more 
easily discovered than children who are hard-of- 
hearing. The latter can acquire some speech but do 
not adequately hear all the utterances anc questions 
of parents and others. Therefore, they are often 
thought to be disobedient and difficeit. Many 
things in daily life may escape them and, therefore, 
they are called dreamers. In school, because they 


are not able to follow the lessons, they may be taken 
tc be stupid or mentally defective. Expulsion from a 
circle of friends may lead to fits of temper. The 
mental and psychological reactions are often 
stronger in the hard-of-hearing person than in the 
totally deaf person because the mental development 
o: the latter stops at a more primitive level. Thus, 
damage to the less primitive and, therefore. more 
vulnerable psyche of the hard-of-hearing may be 
eeper and more resistant. 


It must be reiterated that various reactions due to 
hearing deficiencies often may not be recognized as 
such. What might be mistaken for mental aberra- 
tion or lack of intelligence is in reality rather often 
the consequence of a hearing disorder. As soon as 
the cause is ascertained and education is focused on 
the underlying disability, such children are very 
often seen to flourish as if by magic. The retarded 
boy appears to have normal brains, the aggressive 
lad is a kind boy who demands a lot of understand- 
ing, the dreaming girl proves to be studious indeed. 
Fsychiatric treatment is often unnecessary if the 
Easic cause is discovered and the child is treated cor- 
rectly by his family and his teachers. 


NEEDS OF PARENTS 


Parents tend to think of their child not only as a 
human being but also as an extension of themselves. 
Their self-esteem is embodied in their child.? It is a 
very traumatizing experience to find that this part 
cf themselves is not normal, but handicapped. The 
reaction of a mother to the birth of a mongoloid 
child is very well expressed by Pearl Buck,* who de- 
scribes her own confusion and uncertainty. She re- 
cuired a long time before she was able to accept the 
sad fact and think constructively about what she 
reeded to do in order to help her child grow and de- 
velop. 


Providing the kind of atmosphere and environ- 
ment in which development can occur is a problem 
for parents of deaf children. The problem is not 
with the parents’ intentions or motives, but rather 
with the conflicting guilt, denial, and ambivalence 
which they feel and with which they must deal. 


Acceptance. To feel close to a child that is dif- 
erent from the parents and their background of ex- 
periences is difficult. The problem of accepting 
deafness in an offspring is manifested in a variety of 
ways. Clues abound, but may be easily ignored if a 
well-meaning friend notes that the child is only ab- 
sorbed in his play and, therefore, does not hear the 
mother calling, or is so busy with his hands that he 
has no time to learn how to talk. Because parents so 
desperately want the child to have hearing, explan- 
ations of seemingly contradictory phenomena and 
behavior do not penetrate their consciousness. To 
reports of, "We have seen so often that he looks up 
when a plane flies over our garden or when we shut 
the door," the explanation that the child is respon- 
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ding to vibrations rather than hearing sound must 
be patiently repeated. When the fact that the child 
does not hear well finally is accepted, it is still a big 
step to go to the doctor. Often, people are afraid to 
have their own suspicions confirmed by the findings 
and statements of medical science. And as soon as 
they have obtained a medical opinion, they may try 
to relieve their unhappiness by going to a variety of 
experts, hoping to be told that the deafness will 
become less serious as the child grows up, and thus 
evading responsibility for the necessary steps for the 
child's development. 


Stance Toward Child. Once the decision is made, 
it is important to understand what it means for 
parents to send a young child to a special school, 
very often in another town, under the care of 
strangers in an institution or in a foster home. After 
they have finally agreed to give their child to the ex- 
perts, it is very difficult to leave things entirelv in 
the experts’ hands. They hear about other children 
wearing a hearing aid, or even two; they learn of 
children with hearing losses who change from a 
school for the deaf to a school for the hard-of- 
hearing, or even to the school for normal students, 
and cannot bear to see their own child deprived of 
these advantages. They seek advice from others be- 
cause they want to do everything possible for their 
handicapped offspring. Not onlv other doctors, 
other psychologists, and other teachers, but quacks 
as well are visited, persons who are quite irrespon- 
sible and incorrigible and may promise the most mi- 
raculous results, outcomes which responsible ex- 
perts can never promise. 


Professional Support. Failure of quack treatment 
may have very sad consequences for both the par- 
ents and the child, causing deep feelings of guilt. 
Professionals can be helpful in steering parents 
toward more useful and productive approaches to 
the problem of helping the child. Often, it is an ex- 
tremely difficult task for the doctor, the psycholo- 
gist, and the teacher, who know that they are doing 
everything within their power to treat the deaf 
child in the best way, to bear the lack of confidence 
expressed by some parents. Nevertheless, these pro- 
fessionals must seek to understand the feelings of 
frustration and irresolution of the parents, who are 
suffering, and not allow themselves to get angry 
with them. The child is and remains the child of his 
parents, and by helping or treating the psycholog- 
ical difficulties of the parents, the child is aided. 
The time needed for parents to accept their child's 
handicap and adapt themselves to planning for his 
or her needs varies greatly. The process has its ups 
and downs which need to be followed and moni- 
tored; inadequate and piecemeal advice is not use- 
ful. Sympathy, understanding and the patience to 
listen and repeat the same informative arguments 
many times are necessary. These are not small de- 
mands on devoted consultants and teachers who 


deaf pupils. It is not a small task, but a necessary 
one. 


Professionals can also help the parents under- 
stand the child's needs vis-a-vis inappropriate pat- 
terns of discipline or personal relationships that 
they may observe or see developing. It is easy to 
spoil any child, but his or her needs are best served 
by discipline and self control based on meaningful 
communication. If love and sympathy seem to be 
lacking, the physician can help to objectify the 
parents attitudes and behaviors. Everything that 
the health care professional can do to enhance fami- 
ly relationships is beneficial for the growth and de- 
velopment of the deaf child. 


SUMMARY 


The small deaf child sees people moving their lips 
and faces and is aware that something is taking 
place, but does not know what it is. The child 
watches people respond to each other but can't 
comprehend how or whether messages pass between 
them or what sets them on a course of action or di- 
rects their behavior. Family members try to include 
the child in their own circle, but they can't ade- 
quately break through the barrier of soundlessness. 
The ceaf child lives through the motions and activi- 
ty of life without fully comprehending meaning. 
Meaning comes with verbal language. The generic 
problem of profound early deafness is not speech 
but language, as it is used by hearing people. 


In discussing some of the implications of deafness 
for psychological development, I hope that I have 
made it clear that, for those of us who treat deaf or 
hard-of-hearing children, knowledge of the anat- 
omy and physiology of the ear, audiograms, hear- 
ing aids, and many other very exact data are of 
paramount importance but not sufficient for 
achieving optimal growth and development of the 
child. Understanding the psvche of the deaf child, 
as well as that of the parents, is necessary, together 
with a great deal of compassion and patience. 


The sense of hearing is very important for any liv- 
ing being. It is the ever-alert sense of warning and 
the underlying force of human communication. 
Loss of hearing is a very dramatic event. It may 
lead to suicide. Deaf people are threatened by lone- 
liness and character change. Nevertheless, there is 
not such a thing as a specific "character" of the 
deaf. Like everyone else, deaf people, old or young, 
may be quiet or temperamental, stupid or intelli- 
gent, or gentle or aggressive. The one thing they 
have in common is discouragement about conquer- 
ing the hearing world. The great problem of chil- 
dren who are born deaf is their inability to acquire 
language. The differences in language acquisition 
between children who do and do not hear are am- 
plv diseussed, as well as the enormous problems of 
parents who have to deal with the upbringing of 
deaf children. 
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INTERSPECIALTY FACIAL SURGERY CONCRESS FOR AESTHETIC, CANCER AND RECONSTRUCTIVE SURGERY 


The IFSCACRS will be held at the Waldorf-Astoria in New York, April 27-30, 1983. This Congress is sponsored by the Internaticnal 
Oculoplastic Society. For more information contact Fierre Guibor, MD, IFSC Secretary, 630 Park Avenue, New York, NY 10021; (212) 
734-1010. 
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FOURTH WORLD CONGRESS ON BFONCHOESOPHAGOLOCY 


The Fourth World Congress on Bronchoesophagelogy will take place at the Foresta Conference Center in Stockholm, Sweden, June 
20-23, 1983. This Congress is arranged by the Intemational Bronchoesophagological Society, Swedish Otolaryngological Society and 
Swedish Society for Pulmonary Diseases. During the meeting, the Congress will update the knowledge within bronchology and esophagol- 
ogy. Further information may be obtained by writing IBES Congress 1983. c/o RESO Congress Service 5-105, 24 Stockholm, Sweden. or 
Dr. Stig Haglund, Secretary of the Congress, Dept. of O-olaryngology. Karolinska Sjukuset, S-104 01 Stockholm 60, Sweden. 
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WORLD CONGRESS OF OTORHINOLARYNGOLOGY 


The XIIIth World Congress of Otorhinolaryngolozy will be held in Miami Beach May 26 — June 1, 1985. For further information 
please contact Anthony J. Maniglia, MD, Secretary-Gereral. P.O. Box 016960 (D-48), Miami, FL 33101. 
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SUPRAGLOTTIC LARYNGECTOMY: 30 YEARS OF EXPERIENCE 


E. Bocca, MD 
O. PIGNATARO, MD C. OLDINI, MD 


MILAN, ITALY 


A review of 467 cases of supraglottic laryngectomy operated during the ‘ast 30 years is presented. Cases have been subdivided into 
groups according to stage and TNM classification. By far the most numerous in this series were T? cases. No cases prevailed over N+ by 4:1. 
Stage H cases represented about 60% of the total. Results are analyzed accordiny tc TNM and staging. The average overall 5-year cure rate 
is 75% . The influence of factors other than TNM and staging upon results is also considered. Supraglottic laryngectomy may be extended to 
include one arytenoid, the base of the tongue, or both, with approximately equal results. Practically all cases had en bloc bilateral fune- 
tional or classic neck dissection for threatening or actual lymph node metastases. This may have contributed to a higher number of suc- 
cesses. Combined surgery and radiotherapy is occasionally indicated, but rarely improves the prognosis of severe cases, Site and type of 
recurrences are considered and their treatment and prognosis are discussed. On the basis of the present study the clinical value of supraglot- 
tic laryngectomy is further assessed. 


INTRODUCTION tumor and its relationship to the host tissue. We are 
hopeful that this work, the result of 30 years of ex- 
perieace,*"'° will provide a useful point of reference 
for future work. 


Since our initial report on supraglottic larygec- 
tomy published in this journal in 1968,' we have 
kept substantially to the same pfinciples, and 


readers may refer to our previous reports for basic CASE MATERIAL 
technique, indications, postoperative course and 
complications. The present communication is a sta- Selection of Cases. Since 1951, 467 supraglottic laryngectomies 
tistical analysis of data, namely, classification of have ih ar A our ne (Fig. 1). Of = o eie 
f M . vere males : emales, the average age was 51 years. F 
cases, number of cures and failures as a function of or dodi arin ee pial hae 
. finiti several reasons, only 407 of these cases could be exactly classified 

time, TNM definition, staging, type of SUTZEÉTV, as- and had a regular follow-up. Sixty cases were lost to follow-up 
sociation with radiotherapv, histological type of the after a varying number of months or vears, and were not included 
40 40 
35 A |. 

Vy 
30 | B 30 

"y 
25 i 25 


Fig. 1. Supraglottic laryngectomy: number 
of cases operated per year from 1951 through 
1979 and results of surgery. A - Total cases 
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From the E. N. T. Clinic, University of Milan. 
REPRINTS — Prof. Ettore Bocca, MD, Director, Clinica Otorinolaringologica della Università, Ospedale Maggiore di Milano, Via F. Sforza 35, Milan 
20122 Italy. 
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TABLE 1. TNM CLASSIFICATION* 


No NI N2 N3 Total 
Ti 44 12 2 59 
T2 203 74 16 3 296 
T3 — — — — E 
T4 30 17 3 2 52 
Total 277 103 2] 6 407 


* all cases MO on first examination. 


in :he present survey. There has been a 5-year follow-up for 377 
cases, 


“NM Classification and Staging. Table 1 shows TNM distribu- 
tioa. Although the classification of T for the supraglot-ic region is 
unsatisfactory, both in the 1969 and 1974 Union Internationale 
Coatre le Cancer (UICC) publications, we prefer the 1969 classi- 
ficetion because of better definition of Ti and T2. 


“he absence of T3 in our classification is not accideatal, but is 
due to the fact that Ts, as defined in the UICC pubications of 
19€9 and 1974, is most often not, or no longer, a sapraglottic 
turmor, and therefore it is not amenable to supraglottie surgery. 
Moreover, in the present classification, invasion of the arytenoids 
anc/or aryepiglottic and pharyngoepiglottic folds, and/or valle- 
cula and base of the tongue, and/or preepiglottic space. are all in- 
dicated as T4, in the absence of any better indication offered 
either in 1969 or in 1974 UICC publications. 


Is Table 2, which shows the TNM distribution and staging, the 
N— (No, Nia, NZa) group is much greater than the N+ group 
(Nit, Neb, N3) 323 against 84). We have strictly observed the 
TNM recommendation in the classification of N, although we feel 
that the subdivision into a and b, designating nodes corsidered to 
contain or not to contain growth respectively, is confusing. M+ 
cases have never been observed on first examination, although 
late distant metastases have been observed in eight of our N2 and 
N3 cases. 


Irasmuch as practically all cases were subjected tc bilateral 
elective or curative neck dissection (functional'' or classe), Table 
3 sh»ws figures and percentages of correct or incorrect guesses 
concerning metastases of lymph nodes in relation to classification 
of Na. It is noteworthy that 13.16% of all No, Nla cases showed 
histclogical evidence of cancer dissemination. This fur-her justi- 
fies sur assumption that elective neck dissection should be per- 
formed in all supraglottic cancers, even when no clinica. evidence 
of lynph node metastases is present. 


RESULTS 
Surgery. Of all cases operated 75% are alive and 









STAGE | 
STAGE A 
STAGE ji 
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"e AtL CASES 





99 


Bo 
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YEARS 


Fiz. 2. Percent average survival as a function of tim» ac- 
co^ "ding to stage. Stage IV is not represented because cf the 
exeeedingly small number of cases. 


TABLE 2. STAGING 


re Re ULL Rte mn A e a 


Stage | 51 (12.53%) TiNo 44 
TiNla 5 
TiN2a 2 
Stage II 235 (57.73 % ) T2No 203 
TeNia 29 
ToN?a 3 
Stage HI 115 (28.25 % } TiNib 7 
T2Nib 45 
T?N3b 13 
T4No 30 
TaNia 7 
T4Nib 10 
T4N2a 0 
T4N2b 3 
Stzge IV 6 (1.47%) T1N3 l 
T2 N3 3 
Ta N3 2 
Tctal 407 407 


TABLE 3. CORRECT OR INCORRECT DIAGNOSIS OF N AS 
De TERMINED BY HISTOPATHOLOGIC EXAMINATION 





False False 
Correct Positive Negative 

No. Diagnosis Diagnosis Diagnosis 
No 277 244 (88 %) 0 33 (12%) 
Nie 4] 4 (90.25%) 0 4 (9.75%) 
NIE 62 0 (64.5275) 22 (35.48%) oo 
New 5 2 (40%) 0 3 (60%) 
N2t 16 ll (68.75%) 5 (31.25%) — 
N3 6 6 (100%) 0 — 
Total 407 340 (83.54%) 27 (6.63%) 40 (9.83%) 


wel five years after the operation. Figure 2 reveals 
thet the survival rate has a tendency to diminish as 
a function of time and of higher staging. Figure 3 
shews the incidence of recurrences as a function of 
time and Table 4 shows the incidence of recur- 
rences, their distribution from stage I to stage IV 
anc their location. Distant metastases occurred in 
eigat cases, and were the ultimate cause of death. 


Combined Radiosurgical Treatment. Forty-eight 
cases (20% of 241 supraglottic laryngectomies 





3 6 9 12 18 24 30 36 
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Fg. 3. Percent distribution of recurrences as a function of 
tine after operation. 
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Hecurrences 
Local: Laryngopharynx 
Stage No. Cases or Ton gue N Neck 


Stage I 43 4 (9.30%) 


Stage H 222 33 (14.86% ) 


Stage lll 106 16 (15.09%) 13 (12.26%) 


Stage IV 6 à (33.33 % ) 0 
Total 377 59 (14.59 % ) 17 (4.50%) 


operated between 1965 and 1974) received radio- 
therapy combined with surgery (Tables 5 and 6). 
Thirteen cases had preoperative irradiation, limited 
to 5000 rads, while 35 had postoperative irradiation 
at doses varying from 6000 to 6500 rads or more. 


Preoperative irradiation was given to the larynx 
if there was wide extension of the tumor; postopera- 
tive irradiation was given to the neck in cases with 
advanced lymph node metastasis with capsular rup- 
ture, as demonstrated by histological examination. 
All but three cases belonged to stage III. 
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Distribution of Recurrences 
According to TN Classification 
Local: Laryngopharynx 





Total Recurrences or Tongue Neck 

5 (11.62%) TiNo i TiN2a l 
TiNia 3 

36 {16.21% ) T2No 20 T2No 3 
T2Nla 13 

29 (27.35%) TINib l TiNIb 2 

T2Nib 3 T2N1b 6 

T4No 7 TiN2b 4 

T4aNia 3 T2N2a l 
T4Nib l 
T4N2b l 
2 (33.33%) T2N3 2 
72 (19.09%) 55 


Failures occurred in only 2 of the preoperative 
group (15% ) while there were 17 (4895) in the post- 
operative group. This further confirms that the fate 
of supraglottic cancer is governed much more by 
the degree of invasion of the lymph nodes than by 
the tvpe and extension of the primary. 


It is our impression, after comparing two succes- 
sive periods of ten years, in the second of which 
combined therapy was never applied, that the prog- 
nosis for advanced cases is not distinctly improved 
by the association of radiotherapy with surgery. 


TABLE 5. RESULTS AMONG ALL PATIENTS RECEIVING RADIOTHERAPY AND 


No. Cases Submitted to 
Radiation 
___ Total No. SG Preop ___Pastop l 
SSG = 26 
24l 48 (19.91%) 
ESG = 22 


SUPRAGLOTTIC LARYNGECTOMY (1965-1974) 


Recurrence 


17 {35.41%} 


Mtem: Mire errem ma aat al tener 


Results 
Died from 
Alive and Well Nontumor Disease 


IT I a AAAA err t t USER Narr rm rar ere rere m a a at a AA Pr ar 


29 (60.43% ) 2 (4.16%) 


5G - Supraglottic laryngectomy; SSG - Standard supraglottie laryngectomy; ESG - Extended supraglottic laryngectomy. 


TABLE 6. COMBINED SURGERY AND RADIOTHERAPY IN STANDARD AND 


neeem TUHAA I A I I Le I ODA TIT t nm as E TAT HURL ett AW meer rr att a re mar ee mn OE FRR RRNA a a i a I A PP E oR an S n A E T A RR rag aT rr 


_ Type of Operation TNM* No Preop 

SSG (N = 26) TiNth 4 — 
TiNeb l — 

T2No 4 2 

T2eNta l l 

TeNib 11 — 

ToN2b 2 si 

TaNe l — 

TaNib 2 E 

ESG (N = 22) T2No 4 3 
T9NIb 51 2» 

ToN2b 2t € 

TaNo 5 2 

TaNia 3 2 

TaNib at 2 

Total 4§ 13 


MD E IAAT M a OL AISA tee AWTTEEEEEEEERMMEMMEEMEEEMEMMEMMMMEENMMIMNMEEMEEEEEM 


Pestop Alive and Well Died from Cancer —. 
4 2 3 
| i = 
2 2 — 

zi. l 

1] 6 $ 
2 — 2 
| — i 
2 9 des 
i | MEM ZZ ZLZ OÜQ1 L LOU 
3 2 2 
2 — l 
3 3 2 
2 2 l 
] 2 = 

a3 26 16 


SSG - Standard supraglottic laryngectomy: ESG - Extended supraglottic larvngectemsy. 


* All cases MU on first examination. 
fOne patient lost to follow-up. 
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TABLE 7. NUMBER OF DEATHS AMONG EXTENDED 
SUPRAGLOTTIC LARYNGECTOMY CASES (N = 59 


Death from Cancer 













l 3l 3 

2 17 5 

3 1l 4 
Number of failures 12 (20.3395 : 
Local recurrences 9 (15%) 
Neck recurrences o (895) 


Such cases generally respond equally well, or equal- 
ly badly, with radiotherapy alone or with surgery 
alene. 





However, we advise postoperative radiation to 
the neck in all N+ cases where histologica: examin- 
ation shows capsular rupture. At the same time, we 
dc not advise preoperative radiation to the larynx, 
w th a few exceptions for which no rule may be set. 
Supraglottic surgery should never be considered if 
site and spread of the growth exceeds the imits for 
its indication from the beginning. Retrieving such 
limits by radiotherapy proves most ofter to be a 
dangerous illusion. 


Expansion of Indications for Supraglott«c Laryn- 
gectomy. After 1970, in a growing number of cases 
indications for supraglottic laryngectomy Fave been 
extended to include cases where the tumor-spread 
involved the epilarynx, the medial wall of the upper 
piriform fossa, one of the arytenoids, the vallecula 
or the base of the tongue. '^? Such extended supra- 
glottic laryngectomy may be divided into -hree dif- 
ferent types: 


1. Lateral and posterior extension (aryepiglottic 
foid, arytenoid, and medial wall of pyriform fossa). 

2. Anterior extension (base of the tongue). 

3. Combined anterior and posterolateral exten- 
sien (base of the tongue plus one arytenoid and ad- 
jacent medial wall of pyriform fossa). 


Extended supraglottic laryngectomy wes carried 
out in 67 cases (14.35% of the total number). These 
were divided as follows: type 1 — 36, type 2 — 25, 
type 3 — 11. Whenever the arytenoid must be in- 
cluded in the surgical specimen, its vocal process is 
preserved and fixed to the cricoid cartilage in the 
midline with monofilament 3/0 steel wire. This 
measure prevents untoward sequelae ccncerning 
phonation and deglutition. The results o: this ap- 
proach, limited to 59 cases with at least three years 
follow-up, are shown in Table 7. 


The extended supraglottic technique may im- 
prove the prognosis of many cases where local 
spread makes radical surgery doubtful with the 
standard technique, and therefore shou d be ef- 


TABLE 9. HISTOLOGICAL GRADING (N-30)  — 


Group Grade 1* Grade 21 Grade 38 
Á (recurrence) l 8 6 
E: (no recurrence) 8 6 l 
*Highiy differentiated. 
t Moderate. 


SPoor. 


TABLE 10. MODALITY OF LOCAL SPREAD (N = 30) 





Sharp Ill-defined 
Grou Borders Borders Plurifocal 
Æ (recurrence) 3 10 2 
F (no recurrence) 12 3 0 


TABLE 11. PERITUMORAL PAPILLOMATOSIS OR 
CA IN SITU (N = 30) 


Papillomatosis 
Group Absent Present Ca in situ 
A. (recurrence) 3 10 2 
B (no recurrence) 12 3 0 
TABLE 12. STROMAL REACTION (N = 30) 
Absent Present 
Group True False 
Á (recurrence) 9 9 1 
E (no recurrence) 3 9 3 


TABLE 13. LYMPHOCYTE AND PLASMACELLULAR 
LOCAL RESPONSE (N = 30) 


Group Absent | Poor Moderate — Strong 
Á (recurrence) 5 5 3 2 
B (no recurrence) 0 2 4 9 


fected more often than it usually is today. 


Factors Influencing Results Other Than TNM 
aad Stage. The influence of several histopatholog- 
ical factors upon the cure rate of supraglottic 
laryngectomy was the subject of a detailed in- 
vsstigation; equal numbers of surgical specimens 
pertaining to cases belonging to the same TNM and 
stage groups, but showing different long-term 
results, were serially sectioned.'* Tables 8 to 13 
show the influence of these factors upon the inci- 
dence of recurrences. 


Local Recurrence: Treatment and Prognosis. In 
Lables 14-16, 35 out of 55 local recurrences were 
carefully analyzed. At least six patients who 
presented with intrinsic recurrences and died from 
cancer could probably have been saved by primary 
tetal laryngectomy. All the rest could not have been 
saved from recurrence even by total laryngectomy. 
Although an indiscriminately conservative attitude 
saould be discouraged, the number of failures ob- 
served is certainly not high enough to invalidate the 
principles of supraglottic laryngectomy. However, 


TABLE 8. MACROSCOPIC ASPECT OF TUMOR (N = 30) 


Infiltrated 
À (recurrence) l ] 4 





B {no recurrence) 1] l 1 


Yegetating d» Ulcerawd 


Vegetating d» Infiltrated Ulcerated dz Infiltrated 
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TABLE 14. RECURRENCES AFTER SUPRAGLOTTIC 


LARYNGECTOMY (N= 377) 
TEM 


Site No. 
EE a tt hh Ne 
Laryngopharynx or tongue 55 (14.58%) 
Neck 17 ( 4.51%) 


Total 72 (19.09%) 


TABLE 15. CURE RATE OF RECURRENCES 


ACCORDING TO SITE 
Etre te 


Recurrences 3 Years 9 Years 

Intrinsic 10:15 (66.6%) 8.15 (53.33%) 

Extrinsic 5.20 (25 96) 1:20 ( 5.0%) 
Total 15:35 (42.85%) 9:35 (25.71%) 


TABLE 16. CURE RATE OF RECURRENCES 
ACCORDING TO TREATMENT 


Treatment 5 Years 
5:16 (31.25%) 


3:19 (15.78%) 


3 Years 
7:16 (43.75%) 
8:19 (42.0%) 


Secondary surgery 
Radiation 


it is hoped that even this limited number of recur- 
rences could be further reduced through more ac- 
curate indications and more careful technique. 


Neck Recurrence: Treatment and Prognosis. Al- 
though no exact figure is available, our feeling is 
that about 80% of neck recurrences are not due to 
faulty technique in neck dissection, but to capsular 
rupture and dissemination outside the lymph nodes. 
Nearly all neck recurrences (96 % ) were observed in 
N2, N3 cases and only a few proved to be “forlorn” 
lymph node invaded by cancer. 


As a rule, neck recurrences are represented by 
solid, noncapsulated cancerous masses colonizing 
the soft tissues of the neck. As such, they are beyond 
reasonable hope of cure, whichever form of treat- 
ment, single, or combined, we choose to adopt: sur- 
gery, radiation, chemotherapy, immunotherapy. 


CONCLUSIONS 


The clinical value of supraglottic laryngectomy 
in the management of supraglottic cancer is further 


confirmed by the present study. A 5-year cure rate 
of about 75% of all cases may be expected, ranging 
from about 90% in stage I to about 65% in stage 
IV. As a matter of fact, these figures, controlled 
over a long period of time on a great number of 
cases. are not subject to significant variations and 
tend to repeat themselves year after year. A reason- 
ably accurate prediction of results is therefore possi- 
ble. Considering that most recurrences appear 
within 12 months after the operation, permanent 
cure may be considered as highly probable at the 
end of the first postoperative year. In effect, com- 
parative elaboration of data concerning all cases 
operated up to one year ago, and a more limited 
group with regular check-ups for at least four years 
postoperatively, shows only minor changes in per- 
centage of cures. Probably our most favorable fig- 
ures also depend on the fact that elective bilateral 
functional neck dissection was routinely performed 
in nearly all cases. 


If cne considers that the percentage of permanent 
cures for the N+ group drops by about 15% as 
compared with the No group, and that about 13% 
of NO cases showed histological lymph node dissem- 
ination, the influence on long-term results of sys- 
tematic regional surgery for supraglottic cancer 
must be emphasized. The ill fate of late recurrences 
in untreated necks is well known. 


X-ray therapy should be given in association with 
surgery in cases where local or regional spread 
makes radical surgery doubtful and prognosis poor. 
However, it is our impression that prognosis is 
generally not improved by such association. Preop- 
erative routine irradiation is not followed by any 
demonstrable improvement of results. 


As a final statement we can say that when diag- 
nosis # correct, indications are precise, and tech- 
nique is appropriate, supraglottic laryngectomy 
combined with elective or curative bilateral neck 
dissection is still, at this time, the best weapon in 
our hands for the control of supraglottic cancer. 
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ESTIMATING EIGHTH NERVE SURVIVAL 
BY ELECTRICAL STIMULATION 
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Determining nerve survival is important in selecting patients for cochéear implants, and in predicting outcomes from such implants. 
In search of a possible method we deliberately destroyed nerve fibers (ganglion cells) in 17 cat cochleas to produce a range of degenerations. 
Mcnths later, we electrically stimulated these ears (anzi seven controls) anc recorded electrical ABR input-output functions. Cats with no 
surviving ganglion cells showed no ABR activity. Cats with 5%-10% surviving cells had ABRs which typically had normal thresholds but 
decreased input-output functions. The suprathreshold slopes of these input-output functions reliably predicted ganglion cell survival for all 
degrees of degeneration. Thus, perceptual (or electrical) threshold is a poor indicator of nerve survival. Loudness growth (or growth in the 
electrically-induced auditory brainstem response) is a good index of surviving ganglion cells. 


One of the variables affecting the theore:ical suc- 
ss of an individual's cochlear implant (single- or 





c 
multichannel) is the number of surviving spiral 
ganglion nerve fibers. Our study examines the possi- 
bi itv of using electrically- induced auditory brain- 
stem response (EABR) for predicting surviving spi- 
ra ganglion nerve fiber populations. 


We first damaged 17 cats ears (nine cats) with 
arninoglycosides, surgical trauma, or freezing, to 
produce graded degrees of nerve degeneration. 
Three to six months later we electrically stimulated 
these ears and those of seven controls, with stan- 
derdized electrical pulses just inside the round win- 
dcw (RW) (scala tympani [ST]) and recorded the 
EABR. We then compared the EABR thresholds 
ard amplitude growth curves with microscopic es- 
timates of surviving spiral ganglion cells. 


Several investigators have attempted to estimate 
the viability cf auditory nerve fibers by electrical 
stimulation in both deaf humans and in animals, 
some of whom were deafened. House and Brack- 
man used an electrode on the promontory of the 
cochlea to obtain a perceptual threshold response as 
a means of selecting cochlear implant candidates. 
These results have been unreliable in practice.' 
Merzenich and White recorded EABRs in normal 
cats and studied effects of ST spacing of bipolar 
electrodes.* They concluded that the amplitude and 
slepe was a monotonic function of the number of 
nerve fibers excited. Walsh and Leake-Jones used 
serial EABRs as one method of estimating damage 
due to chronic electrode placement in the ST, in- 
tease electrical stimulation and the progressive ef- 
fests of acute neomycin infusions.’ They observed 
that the growth of the EABR was sensitive to 
modifications in the population of excitable neural 
elements. Some histological verification was done, 
bat the relationships were, in their words, “not 
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qaantitatively studied." Several others have elec- 
trically stimulated the cochlea and recorded 
EABRs, or responses collected from several auditory 
CNS structures. Their observations, however, do 
not bear directly on the nerve viability problem and 
will not be reviewed here. 


Two studies provide technically important back- 
ground information on electrical artifact problems 
aad on differences caused by site of stimulation. 
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Fig. 1. Input-output EABR functions for cats with normal 
(100) and varying degrees of spiral ganglion cell losses 
(75-50%, 50-25% , 10-5). Vertical bars show total range. 
Points of measurements are illustrated in Figs. 2-4, 
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VECES * at EABR AND HISTOLOGIC FINDINGS FOR: CAT COCHLEAS (N = 24) ZR 














EABR — 
| EABR Maximum 
Mode of % of Ganglion Celi Survival Threshold Amplitude 

— ..Cat No. Damage —  — LB — UB ^ —— LM UM A PAL eV 
32 R&L, 69L 
50 R, 70 R&L 4 100 100 100 100 100 60-100* 50-83 
50 Lt 4 100 100 100 100 100 100 35 
60 L 3 75 7 100 100 100 100 76 
60 R 3 75 75 100 100 100 100 68 
52 L 3 50-75 50 90 i 15 100 50 
52 R 3 25-50 50 15 75 100 90 37 
56 L 1&3 5 5 5-10 5 5 170 7 
56 R 1&3 0 0 10 0 5-10 270 7 
69 R 2 0 25 25 50 100 230 22 
I2 L 1&2 25-50 25 50 75 100 100 28 
12 R 1&2 25-50 50 30 100 100 60 40 
3L l 0-25 25-50 25-50 25-50 50 100 15 
3i L l 25 25-50 25-50 50 100 100 12 
48 L 1&2 Ü 0 0 5 2 425 3 
48 R 1&2 0 0 0 9 5 300 T 
3 R&L -4 R&L 1&2 0 0 0 0 0 NR NR 


LB - Lower basal turn, UB - Upper basal, LM - Lower middle. UM - Upper middle. A - Apical. 
1 - Perfused or systemic aminoglycosides. 2 - Surgical trauma. 3 - Freezing, 4 - No damage. 


*Mean threshold - 90 pA. 


TNormal cochlea but chronic otitis media and granulation tissue in the round window, 


Yamane et al, using guinea pigs, were able to con- 
firm Simmons and Glattke’s earlier suspicion that 
low-intensity stimulations of the RW membrane 
can create an "electrophonic" EABR response 
which is not present in neomycin-treated controls. +° 
Thev once again pointed out that the EABR is sub- 
ject to contamination by muscle twitching. In a 
companion paper, Marsh et al, explored the guinea 
pigs EABR according to the site of stimulation. 
Round window, ST or scala vestibuli (SV) stimula- 
tions had about the same thresholds (200-800 pA) 
and input-output functions, while modiolar stimu- 
lation thresholds were between about 50 and 500 
p ÁA.* Dobie and Kimm recorded EABRs before and 
after sectioning the vestibular nerve and the audi- 
tory nerve in monkeys.’ They demonstrated that 
auditory nerve was the only contributor to the 


EABR. 
METHODS 


Seventeen cat ears (nine cats) were damaged with either (or a 
combination of) pharmacologic, mechanical, or physical trauma. 
kanamycin 400 mg kg intraperioneal and 400 mg intracochlear 
perfusion (via RW puncture) and stapes avulsion were adminis- 
tered. A liquid nitrogen probe was placed on the promonotory for 
10-15 minutes in other animals. Mechanical trauma was induced 
bv probing a straight pick into the modiolus via the RW. 


Three to six months later an EABR was performed under Nem- 
butal anesthesia on each of the damaged cat ears and the seven 
controls. An 0.1-mm ball-tipped stainless steel electrode was in- 
serted about I mm into the ST of both ears. A stainless steel screw 
in the frontal sinus bone was used as the vertex electrode and a 
ground electrode was inserted into the neck muscles. The elec- 
trical stimulus was a monopolar 0.5-ms biphasic charge-balanced 
pulse at 10/5. The EABR was recorded differentially between the 
opposite ST electrode and frontal sinus electrode. A preamplifier 
with band-pass filters of 0.2 Hz to 10 KHz amplified the signal 100 
times. The signal was then processed by a digital computer for 
256 samples. The EABR responses were displaved on an oscillo- 
scope, stored on tape, and X-Y plotted off-line from the tape. 


Threshold was determined as the first detectable and repeat- 
able baseline deflection outside the stimulus artifact zone. typical- 
ly at 26-2.8 ms. The suprathreshold peak-to-peak amplitude of 
this same wave was used to measure the input-output functions. 
The stimulus current was increased in 50- or 100-4A increments 
after threshold was established. EABR recordings were made at 
all of these levels. The increments in stimulus were terminated 
when facial muscle twitching was seen or when this twitching in- 
terfered with accurate EABR measurements. 

The animals were sacrificed and the temporal bones were 
removed. Immediate oval and RW infiltrations with iced phenol 
were performed. Decalcification, embedding, hematoxvlin-eosin 
stainimz. and sectioning were then performed. Serial sections 
were mounted at 100 p intervals. The spiral ganglion neuron 
populations in the lower basal. upper basal, lower middle, upper 
middle and apex turns were estimated as quartiles between nor- 
mal and no ganglion cells by two observers. This data was stored 
and later correlated with the EABR amplitude growth curve and 
thresho:d response level for each animal. 


RESULTS 


EABR threshold was a poor predictor of surviving 
neurons. The slope and magnitude of the input-out- 
put fanctions proved to be reasonably accurate. 
Figure 1 shows these thresholds and functions for all 
cats, sorted into quartiles of residual ganglion cells. 
The degree of damage to ganglion cells was suffi- 
ciently varied among ears to permit good correla- 
tions in an admittedly limited sample. The Table 
lists the pertinent measurements for the total 
population of experimental animals. Note that only 
total degeneration resulted in total elimination of 

the EA BR. 


An elevation in EABR threshold only occurred in 
ears with 5% or less residual ganglion cells in the 
lower basal turn. We have the impression, but an 
inadequate number of observations to conclude, 
that prebably as few as 10% residual cells could 
have produced a threshold within the normal 
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Fig. 2. Photomicrographs and illustrative EABA waveforms for normal je penes of cat cochlea ganglion cells. Right, mid- 


moliolar section. Left, enlargment of lower basal cochlear segment eutline 


on right. Typical EABR waveforms from slightly 


above threshold to near maximum, redrawn frem original tracings, have marks indicating measurement points. Beginning of 
seventh nerve response (arrow) is seen in lower-most waveform. (Scale: 1 ms and 3 4V - Upper traces; 1 ms and 28 pV - 


Lower traces.) 


range. Normal for our stimulus was 90 ŁA, + 30 
pÀ. 


The suprathreshold EABRs were very good pre- 
dictors of surviving ganglion cells. Note that in the 
Figure | data there was no overlap in the iaput-out- 
put functions, once near-threshold measurements 
were exceeded. These functions predicted nerve sur- 
vival for 75% of the cochlea, but did nct predict 
survival in the most apical segment quite as accur- 
ately. The slope of our normal EABR is about the 
same as Merzenich and White's data for widely spaced 
bipolar ST electrodes. However, their thresholds 
were considerably higher than ours (90 v 400 pA). 


Figures 2 to 4 are typical EABRs and photomicro- 
graphs for three ears: a normal with 100% ganglion 
cells, an ear with about 50% degeneration (with 
total lower basal turn loss), and another with near- 
total ganglion cell loss throughout the cochlea. In- 
dex marks on the waveforms show where we chose 
tc make our EABR amplitude measurements for the 
composite Figure 1 data. The median letency for 
the initial deflection was 2.7 ms, + about 9.3 ms. 
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Stimulation spread to the seventh nerve routinely 
oecurred in the vicinity of 375-550 pA in all experi- 
ments where notes on this excitation were kept. The 
seventh nerve contractions were visible at about the 
same stimulus intensities which caused a deflection 
in the EABR. Figure 2 shows one example. 


DISCUSSION 


Our reason for making these measurements was 
to forward the development of a method to access 
ganglion cell survival in vivo in humans. It is a sim- 
pe, low-risk procedure to temporarily place a com- 
parable electrode in the same ST location and apply 
these same stimuli. Readout by EABR and by per- 
ceptual reports (threshold to maximum loudness, 
with scaling, for example) can easily be done. It is 
critically important to do these kinds of studies, 
even though the implanting surgeon is already com- 
mitted to stuffing an electrode (or several) into the 
patient's ear. The truth of the moment is that no 
one really is able to predict a "successful" result 
from a failure. Unless we develop better means of 
decision-making, there are going to continue to be 
teo many unexplained differences in results in an al- 
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Fig. 3. Photomicrographs and EABRs of cat cochlea judged to have 50% surviving ganglion cells. Some effects of surgical 


trauma can be seen in RW and lower basal turn regions where no ganglion cells survived. Enlargement (upper right) is from 
outlined area of upper basal coil. See Fig. 2 for EABR details and scale. 





Fig. 4. Photomicrographs and EABRs of cat cochlea with near total loss of ganglion cells. Left, enlargement of lower basal 


segment outlined in midmodiolar photograph (right). Contents of modiolus were avulsed during processing. See Fig. 2 for 
EABR details. (Scale, 1 ms and 3 pV.) 
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ready chaotic field of investigation. We find it 
highly interesting, for example, that there has not 
been a single case in which a patient failec to hear 
by electrical stimulation. Yet we know, by animal 
experimentation, that nerve impulses do not reach 
the brain in animals with no remaining ganglion 
celis and that as few as 5% or less ganglion cells pro- 
duee an EABR.? There is also a single electrode- 
im»lanted human temporal bone where hezring oc- 
curred with considerably less than 1% of fibers 
present.’ Is it logical to expect the same results from 
such ears as for more heavily populated ones? Is 
there logic in placing a multichannel system in an 
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ear with one remaining fiber? 


The data supplied herein can probably be ap- 
pled directly to humans if the same electrical 
stimulus in the same location is used. Threshold 
may be slightly higher because the human cochlea is 
mederately larger and contains more insulating 
bcnes. The pulse width itself and the relative loca- 
ticn are probably more critical parameters. Thresh- 
old, for example, varied between 200 and 800 pA in 
th» literature cited earlier, and these differences are 
nct all due to differences in the stimulus dimen- 
sicns, nor to species differences. 


ACKNOWLEDGMENT — Les Atlas and Matthew Herndoa were responsible for ebtaining the more recent loudness data. 
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ADDENDUM 


We have subsequently examined growth of loudness in our own modiclar-implanted human subject and compared his loudness scal- 
ing now with similar data obtained almost four years azo.'* Though there have been changes in the stimulating equipment (and additional 
limitations placed on peak currents) which make comparisons slightly uncer:ain, distinct changes have occurred in two (of four) electrodes. 
The most heavily used electrode now creates about cne half the scaled lcudness it did originally at the same stimulus intensities. We 
estimate about 4,000 hours of stimulation. A second electrode, the least used of the four (about 100 hours) also had a substantial drop in 
loudness. The two intermedially used electrodes showed no change within the accuracy of the scaling methods. Meanwhile, thresholds on 
all our electrodes have remained the same over four ~ears. Three years ago we tried and failed to obtain an EABR on this subject. 


Ann Otol Rhinol Laryngol 92:1983 
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INTRODUCTION 


The sudden infant death syndrome (SIDS) is the 
single most common cause of death during the first 
vear of life, the typical victim being between two 
and five months of age. Approximately 8,000 infant 
deaths from SIDS occur annually in the United 
States.' Despite great effort in both clinical and 
laboratory investigations, detailed pathogenesis of 
the disease is still veiled in controversy. One major 
etiologic hypothesis includes the possibility that 
transient upper airway obstruction during sleep 
provokes a prolonged diaphragmatic apnea, resul- 
ting in death of infants hereditarily predisposed.’ 


Meanwhile, some evidence suggests that hyper- 
thermia participates in SIDS. Retrospective studies 
indicate that SIDS infants are especially prone to 
spontaneous hypothermia and hyperthermia.? In 
this connection, autopsies reveal a high incidence of 
airway infections presumably associated with feb- 
rile episodes.* Furthermore, a high rate of small 
bowel findings characteristic of heatstroke has been 
described in SIDS victims.° 

In a previous publication, one of our authors re- 
ported a period of transient laryngeal hyperexcita- 
bility in pups 50 to 75 days of age.* Such a critical 
period for laryngospasm suggests its relationship to 
a possible etiology of this syndrome. It is important, 
therefore, to elucidate the influence of hyperther- 
mia on laryngeal excitability, since clinical observa- 
tions appear to suggest this link. 


MATERIALS AND METHODS 


Thirteen adult and 19 beagle pups were used in this study. The 
canine model was chosen because 1) the central organization of 


— e —À 


laryngeal reflexes is similar in dogs and human beings," and 2) 
thermoregulatory development of the dog is also similar to that of 
the human being.* Adult dogs were anesthetized with pentobarbi- 
tal sodium administered intravenously 30-35 mg/kg of body 
weight. Pups received intraperitoneal pentobarbital sodium 25-30 
mg/kg of body weight. An arterial blood gas catheter and venous 
catheter for intravenous administration of pentobarbital were 
placed into the femoral vessels. Animals were kept at a stage 3, 
plane 1 depth of anesthesia during experimentation. A vertical 
midline neck incision was used to expose the larynx and trachea, 
and a cannula was inserted through the fourth tracheal ring for 
unassisted, spontaneous breathing. 

The strap muscles were transected at the level of the thyrohyoid 
membrane to expose the right thyroid ala, which was removed for 
exposure of the thyroarytenoideus (TA) muscle. The superior la- 
ryngeal nerve (SLN) was then identified and divided 2-3 mm 
proximal to its bifurcation. The proximal SLN was prepared in a 
mineral oil bath and was attached to a bipolar platinum wire for 
stimulation. For the purpose of recording, hooked wire electrodes 
(platinum irridium) were implanted in the TA muscle, the major 
adductor of the vocal cords. These operative procedures were car- 
ried out under magnification (Zeiss operating microscope). 

SLN was stimulated with an 8-8 stimulator (Grass) at 0.1-15 V, 
0.1 ms pulse duration, EMG of the evoked laryngeal closure reflex 
was displayed on an oscilloscope 5103N (Tektronics), after passing 
through a DAM SA differential preamplifier (WP) and a 5AISN 
dual trace amplifier (Tektronics). Responses were recorded by a 
3960 instrumentation recorder (Hewlett-Packard). Simultaneous- 
ly, respiratory rate was monitored on a model 7 polygraph (Grass) 
via a P23BC manometer transducer (Statham) linked to a water- 
filled needle introduced into the thoracic space. Arterial blood gas 
was analyzed with a PHM71 acid base analyzer (Radiometer). 


We adopted a method of body temperature control, allowing 
the animals to be warmed with an electric blanket or cooled with 
an ice water bag. Rectal temperature, measured with a YSI tele- 
thermometer, could be varied at will between 34°C and 41°C. 

In summary, the right SLN was stimulated electrically, and re- 
flex muscle responses were recorded from the ipsilateral TA mus- 
cle. Each stimulus was phase-locked to the expiratory segment of 
the respiratory cycle so as to avoid respiratory-linked variations in 
threshold responses. 
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TABLE 1. THRESHOLD OF ADDUCTOR REFLEX 
AT 34°C TO 41°C" 








Temp C A B C D O ă 
34  260+1.00 1.80+0.20 0.46+0.00 C.33+0.01 
35  230+0.20 1.73+0.04 0.48+0.04 C.27+0.04 
36  2.20+0.07 1.43+0.18f 0.44+0.05 C27+0.02 
37  210+0.03 1.40+0.44 0.38+0.03 C.27+0.03 
38  1.68+0.43 0.92+0.43 0.28+0.02 C.19+0.02 
39 11540.15 0.68+0.21 0.27+0.05 (.1840.03 
40  0.95+0.07 0.43+0.11 0.26+0.06 (.1420.04 
41 0,98+0.06 0.40+0.06 0.2640.02 (.12+0.04 


A - 3-week-old; B - 6-week-old; C - 12-week-old; D - Adelt beagles. 
* Threshold in volts x SD; p« 0.05. 
tp» 0.05. 


RESULTS 


The animals were classified into four groups for 
comparative investigation of postnatal develop- 
ment: 3-week pups, 6-week pups, 12-week pups, 
and adult dogs. Rectal temperatures immediately 
after induction of anesthesia measured 36.5 +0.2°C 
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in the 3- week pup, 37.3+0.4°C in the 6-week pup, 
33 +0.2°C in the 12-week pup, and 38.84 0.2°C in 
adulthood. 


Threshold. With respect to postnatal develop- 
ment, normothermic thresholds were in agreement 
with our previous reports, in which ipsilateral reflex 
threshold decreased with age (Table 1). In 3-week 
pups, thresholds were higher than in other age 
groups at each body temperature, showing a sig- 
moid curve with temperature increase. The most 
rapid change in threshold occurred between 37^C 
and 39?C (Fig. 1A). Six-week pups showed a sig- 
moid curve similar to that of 3-week pups. The 
maximum rate of threshold change with respect to 
temperature appeared to be somewhat less than 
that shown by the previous age group between 
37°C and 39°C (Fig. 1B). In 12-week pups, thresh- 
o:ds of laryngeal reflexes were in general markedly 
lewer (Fig. 1C). In adult dogs,the thresholds were 
lewer than other age groups tested. In comparing 
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Fig. 1. Influence of body temperature on thresheld and latency in Ay 3-week-old puppies; B) 6-week-old puppies; C) 12-week-old 


puppies; D) Adult dogs. 
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Fig. 2. Influence of body temperature on threshold in four 
age groups. Note the sigmoid relationship in younger age 


groups. 


threshold change to temperature, the slope of this 
function was the lowest of all age groups tested 
(Fig. 1D). 


Thus, greater changes in laryngeal closure reflex 
threshold were produced by smaller changes in core 
body temperature in younger rather than older ani- 
mals. That is to say, the younger the animal, the 
more sensitive laryngeal motoneurons were to the 
changes in core body temperature (Fig. 2). 


Latency. Duration between stimulation and the 
beginning of reflex TA responses was measured os- 
cilloscopically. Laryngeal reflex latency, being the 
highest at birth, markedly decreased during the 
first two months of postnatal life. In this study the 
latencies were longer at lower temperatures and 
shortened as body temperatures increased, showing 
a linear response in animals of all age groups (Table 
2 and Figs. 3 and 4). 


Therefore, within physiologic ranges laryngeal 
reflex excitability increased with increasing core 
body temperatures. The younger the animal, the 
greater the change in reflex thresholds. However, in 
all age groups, rate of change was greatest between 
37°C and 39?C. These results indicate that laryn- 
geal excitability is most greatly affected between 
37^C and 39?C, and that this effect is greatest in 
newborns. 


DISCUSSION 


These results indicate that both the latency and 
the threshold of the laryngeal closure reflex de- 
crease with a rise in body temperature, and, like- 
wise, increase with a fall in body temperature. The 
change in reflex latency appears to be affected by 
both the velocity of axonal transmission and the 
velocity of synaptic transmission. It is known that 
the axonal conduction velocity increases as core 


TABLE 2. LATENCY OF ADDUCTOR REFLEX 
AT 34°C TO 41?C* 
nn OOE 





Temp C A B C D 
34 22.0x2.0 19.3420 190400 18.5205 
35 21.2416 19.2416 165410 16.741] 
36 20.341.8 18.8x1.51 15.9419 14.8418 
37 19.5418 18.2416 14.6421 14.12 1.7t 
38 18.641.8 16.841.3 133218 14.0+0.7 
39 17.941.8 15.8412 126421 13.0413 
40 17.2417 15.341.2 12.3428 125415 
41 165x1.6 14.8416 12.5423 135405 


“Latency in milliseconds + SD. 


body temperatures rise.’ In this regard the axonal 
action potential is composed of a unique sequence 
of electrical changes, which are themselves depen- 
dent apon the ionic conductance changes produced 
by depolarization. In terms of the Hodgekin-Huxley 
equations, the rate constants for Na* and K* con- 
ductance increase threefold for every 10°C rise in 
temperature.'" A study of recorded action potentials 
reveais that the duration of each of its phases — de- 
polarization, potential reversal, repolarization, and 
hyperpolarization — occurs most rapidly as tern- 
perature increases,'' thus contributing to a reduced 
latency. 


At the neuromuscular junction, neuromuscular 
transraission is found to be slower as temperature 
falls because of delayed and reduced release of neu- 
rotransmitter substance. F urthermore, neurotrans- 
mitters are not released in a concentrated burst, as 
was the case at higher temperatures, but are dis- 
persec over a longer period of time." The change 
in time course and quantity of neurotransmitter re- 
lease eontributes to longer latencies at lower ter: 
peratures. 


Although it appears that the effect of tempera- 
ture on the speed of synaptic transmission has not 
been studied carefully, it is hypethesized that chem- 
ical transmission at the synapse may also be affected 
by changes in temperature since its presynaptic 
events are thought to be similar to those at the neu- 
romuseular junction.'^ Thus, synaptic transmission 
may abo be more rapid at a higher temperature and 
slower at a lower temperature. 


Nevertheless, there are important differences be- 
tween transmission at the neuromuscular junction 
and at neuronal synapses. At the neuromuscular 
junction, 200 to 300 vesicles of acetylcholine are re- 
leased after an impulse arrives. This amount of neu- 
rotransmitter substance creates an end-plate cur- 
rent flew about three to four times that required to 
stimulate the muscle. Therefore, the normal, dis- 
ease-free neuromuscular junction is said to have a 
high "safety factor."'5 It is unlikely that the re- 
sponse at the motor end-plate will be decreased by 
some reduction of neurotransmitter release pro- 
duced by cooling. Both Katz? and Takeuchi’? have 
shown that cooling reduces the number of responses 
at the motor end-plate only in a neuromuscular pre- 
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Fig. 3. Evoked adductor responses elicited by single-shock stimulation of SLN in A) 3-week-old puppies; B) 6-week-old 
puppies; C) 12-week-old puppies; D) Adult dogs. S -Stimulus artifact. 


paration with a high Mg** and low Ca** concentra- 
tion. This observation suggests that its threshold 
will only be affected by cooling under ex:reme ex- 
perimenta! conditions. 


On the other hand, synaptic transmission in the 
CNS characteristically lacks a high "safetv factor," 
such that the threshold of a neuron may be greatly 
affected by temperature changes. As each action 
petential arrives at the synaptic knob or terminal, 
only one or more neurotransmitter vesicles is emp- 
tied into the synaptic cleft. This amount of neuro- 
transmitter substance usually produces zn excita- 
tcry postsynaptic potential (EPSP) of less than 1 
mV, a fraction of the 10 mV or more recuired for 
the generation of an action potential. An increase in 
membrane potential of this magnitude requires a si- 
nrultaneous discharge of ten to several hundred or 
more excitatory synaptic knobs. '? 


Although it appears that studies of temperature 
effect on CNS neurotransmitter release are largely 
unavailable, neuronal threshold in the spinal cord is 
fcund to decrease with temperature increase.’ This 
suggests that CNS synaptic transmission may share 
a similar effect. Peripherallv, the amount of neuro- 


transmitter substance is shown to decrease ten times 
with a 19°C decrease in temperature at a sympa- 
thetic ganglion.'* Thus, it seems possible that a syn- 
antic knob in the CNS, which only releases one or 
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Fig. 4. Influence of body temperature on latency in four 
age groups. Note the linear relationship in all age groups. 
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more vesicles per impulse, may release fewer ves- 
icles to none at all with cooling. Such an effect on 
all the excitatory synaptic knobs may result in the 
absence of postsynaptic action potential generation. 


Consequently, it is hypothesized that action po- 
tential generation in the CNS may be more sensitive 
to temperature changes such that, with cooling, a 
stimulus of higher intensity may be required, resul- 
ting in a threshold that is raised. Similarly, it is also 
hypothesized that warming may increase the num- 
ber of vesicles released for each impulse that arrives 
at the synaptic knob, such that action potentials 
may be generated with a weaker stimulus, lowering 
the threshold. Some interneurons have been shown 
to increase the frequency of discharge with a rise in 
temperature,” suggesting that subthreshold stimuli 
may generate action potentials at higher tempera- 
tures because of increased neurotransmitter release. 
Similarly, neurons that increase the rate of firing in 
response to hyperthermia have been found in the 
midbrain and the spinal cord.'* 


The laryngeal adductor reflex is polysynaptic; 
each component neuron of this reflex has a particu- 
lar threshold potential that must be attained in 
order to generate and carry an action potential. 


Within this polysynaptic reflex there may be one or 
more neurons that define the reflex threshold. 
Other neurons in the chain may discharge with 
stimulus less than that required to attain reflex 
threshold. In the CNS, neurons that define the re- 
flex threshold may thus alter the reflex threshold 
with temperature changes. To test this hypothesis 
extensive peripheral and, more important, central 
recordings will be necessary. 


In conclusion, this study shows that both the 
lateney and the threshold of the laryngeal closure 
reflex decrease with hyperthermia. The effect of 
temperature on latency is attributed to changes in 
axonal conduction and synaptic transmission velo- 
cities. Temperature-dependent changes in synaptic 
transmission are also proposed to be the cause of 
threshold changes. For example, a small tempera- 
ture rise might markedly enhance the laryngeal clo- 
sure reflex, which is already hyperactive during 50 
to 75 days of age. Increased body temperature may 
thus contribute to the enhancement of transient or 
abnormal laryngeal closure during its period of age- 
related hyperexcitability. In turn, transient upper 
airway obstruction can induce apnea of sufficient 
duration as to cause sudden and unexpected death 
in infants. 
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EVALUATION OF THREE CYANOACRYLATE GLUES 
FOR OSSICULAR RECONSTRUCTION 
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We evaluated and compared the separate effec:s of ethyl, isobutyl, and fluoroalkyl cyanoacrylate on the promontory mucosa and 
surgically disarticulated incudostapedial joint in the adult cat middle ear. The animals were sacrificed at 10-, 30-, and 60-day intervals 
afer glue application. All three cyanoacrylates elicited a chronic inflammatory response when placed directly on the promontory mucosa. 
The use of ethyl and isobutyl cyanoacrylate resulted in persisting discontinuity of the incudostapedial joint with erosion of the incus. 
Flioroalkyl eyanoacrylate maintained incudostapediel continuity without ossicular erosion. Ethyl and isobutyl cyanoacrylate are probably 
nct appropriate for middle ear surgerv. The less toxic fluoroalkyl cyanoazrylate may be useful as an ossicular adhesive in selected cases. 
Oar findings are further contrasted with those obtained in similar studies with methyl and butyl cyanoacrylate. The effects of each of the 
five cyanoacrylates are reviewed in the continuing search for a safe and effective ossicular adhesive. 


INTRODUCTION 


The biocompatibility and efficacy of the cvano- 
aerylates in otologic surgery remain contrcversial,'? 
particularly when considering their long-term ef- 
fects.** Since different cyanoacrylates mey behave 
differently, a brief review of their chem stry is in 
order. 


The remarkable adhesive qualities and unique 
bending characteristics of the cyanoacrylates result 
from their structural configuration whieh allows 
.p9lymerization of the monomer in the presence of a 
weak base such as water or alcohol. The cvanoacry- 
late monomers are highly fluid and have the unique 
ability to spread over the thin film of fluic covering 
most biologic tissues. Once polymerizaticn has oc- 
carred the material becomes a hard britt.e plastic. 
Tae amount of heat liberated during this exother- 
mic reaction is small and probably biologieally safe. 


The different cyanoacrylates are produced by 
changing the alkyl subgroup of the basic molecule 
(Cables 1 and 2). Hardness and tensile strength de- 
crease while flexibility increases with longer chain 
hemologues.^* The exact chemical processes by 
which in vivo degradation occurs are unknown. De- 
gradation byproducts include formaldehwde, thio- 
cvanate, carbon dioxide, and water. Short chained 
cempounds are eliminated more rapidly than 
lcnger chained homologues, and branched chain 
compounds are eliminated more rapidly tian those 
with straight chains.>° 


Methyl cyanoacrylate (MC) is unsuitable for clin- 
ical use. It causes severe tissue necrosis in tae middle 
ear, and there is evidence to suggest that it is toxic to 
the labyrinth.'’-° The efficacy of butyl (BC) and 
isobutyl (IC) cyanoacrylate as adhesives fcr otologic 


sargery has been evaluated by several investiga- 
tors ^29 1* with no agreement as to the overall suita- 
tility and safety of either compound. For example, 
Siedentop! recently declared Histoacryl (BC) to be 
"harmless to middle and inner ear structures" and 
"safe for use in human middle ear surgerv," while 
aimost simultaneously Heumann and Steinbach’ 
concluded that the same substance "be used with 
extreme care and in small amounts" and that it was 
"extremely dangerous to use this adhesive near the 
labyrinthine capsule [for example, on the footplate]." 
C onflicting results such as these may be due, in 
part, to the use of different animal models such as 
cogs,' baboons,' rabbits,’ monkeys,'' guinea pigs, '? 
and cats.'* There are no published reports on the 
potential usefulness of either ethyl (EC) or fluoro- 
alkyl (FC) cyanoacrylate in middle ear surgery. 


The purpose of this study was to evaluate and 
compare the effects of EC, IC, and FC as adhesives 
for ossicular reconstruction in the cat. We pur- 
posely omitted MC and BC from our study: MC be- 
cause of its well-documented propensity to cause se- 
vere tissue necrosis, and BC because it has already 
been widely investigated for this purpose.'? '?'* 


METHOD 


Nine middie ear procedures were performed on seven adult cats 
using standard sterile techniques. The animals were anesthetized 
vith intramuscular ketamine hydrochloride (20 mg/kg) and in- 
t-aperitoneal sodium pentobarbital (10 mg/kg). The tympanic 
balla was approached through a ventral paramedian neck inci- 
s:on and opened to expose the oval and round windows, cochlear 
promontory, and ossicular chain. The tympanic membrane was 
rot disturbed. The incudostapedial joint was interrupted with a 
jeint knife and joint separation confirmed by lateral traction on 
tae handle of the malleus. 


Jsing a specially developed glass micropipette applicator, a 
nall aliquot (approximately 1-2 41) of cyanoacrylate was placed 
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TABLE 1. ALKYL SUBGROUPS USED TO 
PRODUCE DIFFERENT CYANOACRYLATES 


m ara i a a a i A a AN e i i e eI Ear ar rr remm rrr rr rra aaa FAR I T P ar a a a IAN AR PAN Ra 


| Subgroup Structure ae 
Methyl ~ CH; 
Ethyl -CH, — CH, 
Butyl CH, 
=C CH, 
CH; 
Isobutyl CH, 
30H; — CH 
CH, 
Fluoroalkyi CH, 
-C— H 
CF, 


between the capitulum of the stapes and the lenticular process of 
the incus. An additional single large drop of glue was placed on 
the promontory mucosa. The incision was closed with interrupted 
sutures, 


Ethyl cyanoacrylate and FC were each used in the middle ears 
of three cats; the six animals were sacrificed at 10-day, 30-day, 
and 60-day intervals. Isobutyl cyanoacrylate was used in the mid- 
die ears of two additional cats which were sacrificed 30 and 60 
days after surgery. As a control, one cat's ossicular chain was 
disarticulated but no glue used to reapproximate the incudostap- 
edial joint. 


At the end of the designated survival period the middle ear was 
reopened and the ossicular chain inspected and palpated for con- 
tinuity and mobility. The middle ear mucosa was examined and a 
piece of promontory mucosa (from where the drop of glue had 
been placed) was excised for histologic examination. The stapes 
footplate was exposed, the stapedial tendon divided, and the 
stapes and incus removed en bloc for histologic examination. 


RESULTS 


All three cyanoacrylates caused varying degrees 
of inflammation and fibrosis in the middle ear mu- 
cosa. The chronic inflammatory response elicited 
by each glue was particularly evident in the mu- 
cosal specimens from the promontory where the ad- 
ditional single drop of glue had been placed. Histol- 
ogic examination showed increased vascularity, 
Iymphocytic infiltration, fibrous proliferation, and, 
occasionally, granuloma formation. Polymorpho- 
nuclear leukocytes were prominent only in the mu- 
cosal specimen from the one animal which devel- 
oped an acute otitis media (EC, 10-day survival). 
The intensity of the inflammatory process (mea- 
sured by the amount and degree of cellular infiltra- 
tion and fibrous thickening) did not appear to be 
correlated with a specific glue or the length of glue- 
mucosa contact time. The effect of the different 
cyanoacrylates on the incus and stapes varied from 
relatively benign to destructive. 


Ethyl Cyanoacrylate. The 10-day animal devel- 
oped acute otitis media with tympanic membrane 
perforation, a markedly hyperemic middle ear mu- 
cosa, and erosion of the incus and stapes. In the 


TABLE 2. CYANOACRYLATES USED IN 
CLINICAL TRIALS AND EXPERIMENTAL SURGERY 


Proprieta ry Name 
Eastman Kodak 910* 
Aaron Alphat 


Histoacryl Æ 


Methyl-2-eyanoacrylate 
Ethyl cyanoacrylate 
2-cvanc-butyl-acrylate 
Isobut*y! cyanoacrylate Bucrylate§ 
Fluoroaik,] cvanoacrylate MBR 4197R! 
*Eastmaa Kodak, Rochester, NY. 

T Toavesci Chemical Industry Company. Tokyo. 

i B. Bra mmelsengen, Melsengen, W Germany. 

SEthicon Inc, Somerville, NJ. 

13M. Corpany. St. Paul. 


30-day animal the promontory mucosa was hyper- 
emic and thickened with a small remaining rem- 
nant of polymerized EC. Ossicular continuity was 
maintained with a thick fibrous cocoon enveloping 
the incudostapedial joint. There was no evidence of 
ossicular erosion. In the 60-day animal, the pro- 
montory mucosa was mildly inflamed and thick- 
ened. but the remainder of the middle ear mucosa 
was normal. A tiny remnant of polymerized EC re- 
mained ən the promontory. There was no ossicular 
continuity: the long process of the incus was eroded 
(Fig. 1) almost to the body of the incus and the 
stapes superstructure was absent. A moderate 
amount of thickened mucosa surrounded the body 
of the incus. 


Isobutyl Cyanoacrylate. A considerable amount 
of polymerized IC remained on the promontory 
mucosa of both the 30- and 60-day animals with no 
evidence of active resorption or encapsulation. The 
promontory mucosa was markedly thickened and 
polvpcic and the inflammatory process appeared to 
extend well beyond the area where the drop of glue 
had been placed. There was an ossicular discontinu- 
itv with 2rosion of the lenticular and long process of 
the incus in both instances. The ossicular remnants 
were surrounded with polypoid mucosa and fibrous 
adhesions. 


Fluorcalkyl Cyanoacrylate. The findings were 
remarkedly similar in the 10-, 30-, and 60-day 
animals. Polymerized FC was present on the pro- 
montory mucosa in all three instances with no evi- 
dence of active resorption or encapsulation of the 
glue. The promontory mucosa beneath the glue was 
moderately thickened and polypoid in appearance. 
Mucosa immediately adjacent to the glue was only 
slightiy inflamed and thickened, while the rest of 
the middle ear mucosa appeared normal. Extension 
of the in:lammatoryv process beyond the immediate 
area of the glue placement was more pronounced in 
the 60-day animal. Ossicular continuity was pre- 
served in all three cats, and motion of the malleus 
was readily transmitted to the stapes in each case. 
The ineudostapedial joint was surrounded by a fi- 
brous cocoon which provided firm continuity be- 
tween the two ossicles (Fig. 2). There was no evi- 
dence of erosion of the incus or stapes. 
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Fig. 1. Light-field dried os of the long process 
) 


of cat incus showing bony erosion (arrows) folloaving ap- 
race of ethyl cyanoacrylate to the surgically lisarticu- 
ated incudostapedial joint. Sixty days survival. (Bar = 50 p) 


DISCUSSION 


Fluoroalkyl cyanoacrylate appears to hold the 
most promise as a useful and relatively nontoxic os- 
s.cular adhesive of the three glues evaluated in this 
sudy. A minute quantity of fluoralkyl cvanoacry- 
late provided ossicular continuity withou: bone ero- 
sion or overt tissue necrosis. Although no symptoms 
cf labyrinthine dysfunction were noted in this 
series, additional specific animal experimentation is 
mecessary to assess potential labyrinthine toxicity. 


None cf the three cyanoacrylates was eompletely 
-esorbed from the promontory mucosa at 60 days. 
The remnants of polymerized EC were siznificantly 
smaller than those of IC and FC at comparable sur- 
vival times. This is consistent with the observation! ? 
-hat short chain homologues are more rapidly elim- 
nated than long chain compounds. The inflamma- 
‘ory response to the single drop of glue on the pro- 
nontory mucosa was initially quite localized, but 
spread to involve the adjacent mucosal surface with 
increasing survival time. The intensity of the initial 
inflammatory response appeared to be directly 
related to the amount (but not type) of glue used in 
each experiment. It is interesting tc speculate 
whether the inflammatory process would persist or 
subside once the polymerized glue had been com- 
pletely resorbed. 


Erosicn of the incus and stapes did nct appear to 
reflect or correlate with the intensity of the pro- 
montory mucosal response. FC was the only adhes- 
ive in this study that preserved incudos-apedial in- 


Fig. 2. Light-field photomicrograph of an intact incudo- 
stapedial joint 60 days following application of a minute 
uantity of fluoroalkyl aa. into the sunplenan 
disarticulated cat incudostapedial joint. Note the absence 
of bony erosion of either the incus (I) or stapes (S). An in- 
flammatory response is noted in the joint space (J) and sur- 
rounding candle (X). (Bar = 50 y) 


:egritv (Fig. 2) in all three animals; EC and IC were 
ineffective ossicular adhesives causing incudosta- 
pedial discontinuity and erosion (Fig. 1). 


Characteristics of the ideal tissue adhesive in- 
clude such properties as noncarcinogenicity, mini- 
mal inflammatory response, effective and durable 
bond on moist tissue surfaces, and biodegradability.' 
None of the five cyanoacrylates (Table 2) fulfills 
these criteria, although only MC can be definitely 
excluded from the list because of excessive tissue 
necrosis and a possible carcinogenic effect.' Recent- 
ly published conflicting reports'? on the efficacy 
and safety of Histoacryl based upon animal middle 
ear studies highlight the need for careful and exten- 
sive evaluation of each of the cyanoacrylates before 
their recommendation for long-term clinical use. 
Middle ear evaluation should include both acute 
and prolonged survival histologic studies in at least 
two different animal species since, at least in the 
acute phase, there appears to be a distinct and often 
contradictory interanimal and interspecies varia- 
tion.'?^'' Labyrinthine toxicity studies should in- 
clude not only anatomic integrity (eg, intact 
footplate) but also prolonged survival ultrastruc- 
tural and neurophysiologic evaluation of the sen- 
sory neuroepithelium of the cochlea and vestibular 
labyrinth. In the absence of such studies we can on- 
ly agree with Portmann's decision** to abandon the 
use of cyanoacrylates in human middle ear surgery 
at this time. 
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We have presented the histological findings in the inner ear of a patien: who experienced occlusion of the vertebral and basilar arteries 
17 days before death. A large infarction was observed in the medulla and pons on the right side. There was severe degenerative change in 
the right membranous labyrinth as well as in the right cochlear and vestibwar nerves, which was presumably caused by ischemia from oc- 
clusion of the right labyrinthine artery. The organ of Corti and sensory epitkelia of the vestibular labyrinth showed the most advanced state 
of degeneraticn. The histopathological appearance wes similar to that observed in the subacute stage following obstruction of the labyrin- 


thiae arteries in animal experiments. 


INTRODUCTION 


Several authors have studied the histopathologi- 
cal changes of the inner ear caused by experimental 
interruption of the labyrinthine arteries of animals. 
Complete occlusion caused severe degeneration of 
the membrancus labyrinth'? while microemboliza- 
tion of the cochlear vessels caused patchy isolated 
areas of necrosis? 


There have been several human tempcral bone 
reports in which the major histopathology was 
thought to be caused by interruption of vascular 
supply to the inner ear.** Some of these temporal 
benes were from patients who underwent surgery 
for removal of an acoustic tumor or for vestibular 
nerve section and the pathological findings were ob- 
viously surgically induced. 


The purpose of this paper is to report the histo- 
pathology of the temporal bones from a pa-ient who 
experienced pathological occlusion of the basilar 
artery and probably also the right anterior inferior 
cerebellar artery. 


CASE HISTORY 


Our patient was a male known to have von Recklinghausen 
disease. His two daughters and one son have cutaneeus manifes- 
tations of the disease and one maternal cousin has the disease also 
with no neurological involvement. At age 56 he underwent left 
trigeminal neurotomy to relieve left facial pain of 12 years’ dura- 
tion. At that time he demonstrated bilateral partial fcot-drop and 
terminal tremor on the finger-nose test. There was also horizontal 
nystagmus on right and left lateral gaze. A pneumoencephalo- 
gram showed a slight widening of the lateral third and fourth 
ventricles consistent with mild atrophic changes of the 
cerebellum. A myelogram was suggestive of an intrasoinal neuro- 
fibroma in the L4-5 area. 


At the age of 60 examination again showed mild cerebellar 
signs and nystagmus on lateral gaze. An audiogram showed hear- 
ing to be normal for his age. Speech discrimination scores were 
100% in the right and 88% in the left ear. Tone decay was 
negative at 580 and 2000 Hz in both ears (Fig. 1). 


m aae casa a 


At age 65 he experienced vomiting, bifrontal headache, and 
light-headedness without vertigo. The following day he was dys- 
arthric and unable to walk, lethargic but easily arousable, had 
hiccups, and his head deviated to the right. Horizontal eye move- 
ments were diminished, more to the right. He had horizontal nys- 
tagmus on lateral gaze which was the same kind of nystagmus 
seen on previous examination. There was left facial palsy of the 
central type. His tongue was deviated to the right. Although no 
audiogram was taken, he noted decreased hearing on the right. 
Cold, touch, and pin sensation were felt less on the left; there was 
let hemiparesis. The following day his eyes were deviated to the 
let. He became deeply comatose five days later. A CT scan at 
that time showed an infarction of the right pontine tegmentum. 
Ice water caloric tests showed vertical nystagmus on both sides 
wich were interpreted to support the diagnosis of brainstem in- 
farction. He died 17 days after the onset of symptoms. An autopsy 
was performed and both temporal bones were removed for histo- 
logical study. Postmortem time was 12 hours. 


AUTOPSY FINDINGS 


There is an aneurysm of the left vertebral artery 
which shows atherosclerotic walls and widespread 
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Fig. 1. Audiogram obtained four years before death. 
Speech discrimination scores were 100% in the right and 
88% in the left ear. 
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destruction of the media. The lumen is largely oc- 
cluded by an old thrombus; however, it appears 
wide enough to allow normal blood flow. 


The right vertebral artery shows severe athero- 
sclerotic changes with an organized thrombus that 
occludes the lumen. Within the thrombus are many 
recanalized channels lined with endothelium. 


The basilar artery shows very severe atheroscler- 
osis and an adherent recent thrombus, the appear- 
ance of which is consistent with the duration of the 
terminal illness (17 days). 


In the anterolateral part of the medulla and in 
the basis pontis on the right there is a large cavi- 
tated infarction containing necrotic tissue and num- 
erous macrophages. Periventricular demyelinated 
plaques are seen in both hemispheres and brainstem 
consistent with multiple sclerosis. There are multi- 
ple small infarcts of varying age in the cerebellum, 





Fig. 2. A) Right cochlea showing col- 
lapse of the cochlear duct and degenera- 
tion of the cochlear nerve. The spiral 
ganglion cell population is nearly normal 
except for the basal area of the cochlear 
duct. B) Left cochlea showing patchy 
atrophy of the stria vascularis ad 50 to 
80 % loss of the spiral ganglion cells in the 
basal turn. 


pontocerebellar connections, hemispheric white 
matter and basal ganglia. 


Additional autopsy findings include extensive 
cutaneous neurofibromata, multiple café au lait 
spots and a plexiform neuroma in the L4 and 5 
region of the spine. 


HISTOPATHOLOGY 


Right Ear. There is a mass of keratin and blood in 
the external auditory canal. The ossicles and the 
tympanic membrane are intact. The mucous mem- 
brane of the middle ear and mastoid are well 
preserved. The mastoid is well developed. The bony 
labyrinth appears normal. Normal-appearing gan- 
glion cells are found along the course of the tym- 
panic plexus and lesser superficial petrosal nerve. 

There is a severe degenerative change involving 
the membranous labyrinth as well as the cochlear 
and vestibular nerves. The organ of Corti appears 
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Fig. 3. A) High magnification view of the cochlear duct in the middle turn shown in Fig. 2A. The organ of Corti is 
atrophied. Loss of cellularity is remarkable in the spiral ligament, stria vascularis and spiral limbus. B) High magnification 
view of the cochlear duct in the middle turn sbown in Fig. 2B. Nose normal appearance of the cochlear duct. 


as a mound of atrophied acidophilic amorphous tis- 
sue. No cell outlines are observed. In eddition, 
there is loss of cellularity of the spiral ligament, 
str a vascularis, spiral limbus and Reissner mem- 
brane, most severe in the apical 15 mm of the coch- 
lea. Reissners membrane is depressed onto the 
organ of Corti throughout the cochlea (Figs. 2 and 
3). The spiral ganglion cells appear as round pink 
grenular bodies with or without faintly stained 
nuclei (Fig. 4). The population of these 
degenerating spiral ganglion cells is reduced to 50 % 


ni o M e . 





Fig. 4. A) High magnification view of the spiral ganglion cells shown in Fig. 2A. Cell nuclei are missing or stained faint- 
) 


or less in the basal 17 mm of the cochlea. In the re- 
mainder of the cochlea the population appears nor- 
mal (Fig. 2). The cochlear nerve shows de- 
generative changes similar to those observed in the 


cochlea. 


The cristae and maculae are in an advanced state 
of degeneration. The supporting tissues show de- 
generating cells with faint outlines and absent nu- 
clei. The sensory epithelia of the cristae and macu- 
lae consist of a layer of similarly degenerating tissue 
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ly. B) High magnification view of the spiral ganglion cells shown in F ig. 2B. Cell nuclei are observed in all ganglion cells. 


36 KITAMURA € BERREB? 





Fig. 5. A) Right utricle shows severely atrophied sensory epithelium and collapsed utricular wall. Note severely 
atrophied branch of the superior vestibular nerve. B) Normal appearance »f the left utricle. 


separated from the underlying stroma. There is col- 
lapse of the walls of the utricle as well as the 
superior and lateral semicircular canals (Fig. 5). 
There are scattered collections of erythrocytes in 
both the perilymphatic and endolymphatic spaces 
of the superior and lateral semicircular canals. 


The superior and inferior vestibular nerves are 
atrophic and most of the Scarpa ganglion cells are 
missing, especially in the superior division of the 
vestibular nerve. The number of neurons deter- 
mined by the method introduced by Richter? is 
3,883 (Fig. 6); normal for the patient's age is 12,000 
to 17,000." 


The facial nerve trunk appears atrophic in the in- 
ternal auditory canal. The geniculate ganglion cells 
show similar degenerative changes. Their popula- 
tion is one half of the opposite ear (1,470 cells). The 


average number of cells was reported to be 2,129 
with a -ange of 1,462 to 3,682.* 


The epithelium of the endolymphatic sac is well 
preserved. 


The labyrinthine artery appears patent in the 
distal end of the internal auditory canal; however, 
its prox.mal portion as well as the anterior inferior 
cerebellar artery is not observed in this temporal 
bone specimen. 


Left Ear. The tympanic membrane, ossicles, 
middle 2ar and mastoid appear normal. The bony 
labyrinth is normal. There is scattered loss of hair 
cells in the organ of Corti particularly in the basal 
turn. The stria vascularis shows patchy atrophy 
more remarkable in the apical region of the coch- 
lea. There is 50 to 80% loss of cochlear neurons in 
the basel turn and normal population in the rest of 





Fig. 6. A) Lower half of the picture shows the atrophic superior vestibular nerve (V) and reduced population of Scarpa 
ganglion cells. The facial nerve (F) appears atrophic in the upper half of the picture. B) Normal appearance of the facial (F) 
and the superior vestibular nerve (V). 
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the cochlear duct (Figs. 2-4). The cochlear nerve 
appears normal. 


The utricular and saccular maculae end the 
cristae are well preserved (Fig. 5). The vestibular 
and facial nerves appear normal. The numbers of 
Scarpa and geniculate ganglion cells are 17,132 and 
2,829, respectively (Fig. 6). 


DISCUSSION 


Although vascular connections of arteriolar size 
have been shown to exist between the membranous 
structures and the bony labyrinthine capsule of the 
labyrinth,? it is generally accepted that the major 
blood supply to the inner ear is providec by the 
labyrinthine artery. Previous studies have shown 
that the labyrinthine arteries may derive from the 
basilar artery or from the anterior inferior 
cerebellar artery.'''? Several cases of severe 
unilateral sensorineural hearing loss occurring in 
association with occlusion of the basilar artery have 
been reported in the literature." A vascular distur- 
bance in the basilar artery may cause ischemic ne- 
crosis of the ascending auditory pathway in the 
brainstem. However, in the tvpe of hearing loss 
which will be discussed here, the lesion is expected 
in the peripheral cochlear end-organ because of its 
unilateral involvement. A review of the literature 
has failed to reveal any reports of temporal bone pa- 
thology following occlusion of the basilar arteries. 


The autopsy of this subject showed a large infarc- 
tion in the medulla and pons on the right side. In 
addition, the right membranous labyrinth and asso- 
ciated nerves showed severe degenerative changes. 
The presence of the lesion in the pons indicated that 
the region of supply of the basilar artery was in- 
volved in addition to that of the right vertebral ar- 
tery. In view of this evidence of occlusion of the 
basilar artery and unilateral severe degenerative 
changes in the inner ear, it is probable that the right 
labyrinthine artery was occluded also, whether it 
branched from the basilar artery or anterior infer- 
ior cerebellar artery. The presence of numerous ma- 
crophages in the infarcted area is consistent with a 
recent lesion (2 to 3 weeks), indicating that it must 
have occurred during the patient’s last admission to 
the hospital. 


The histopathological changes in this ear are 
similar to those observed after obstruction of the 
labyrinthine arteries in animal experiments.’ The 
sensory hair cells were reported to be the most vul- 
nerable with pyknosis of hair cell nuclei being visi- 
ble within one hour after arterial obstruction. In 
one week the hair cells disappeared and the mem- 
branous labyrinth was severely degenerated. After 
one month the inner ears were partially filled with 
fibrous tissue and new bone. The absence of new 


bore or fibroblasts in the membranous labyrinth of 
the temporal bones of this human case indicates a 
recent occlusion of the labyrinthine blood flow. 


Another striking finding in the present case was 
the severe loss of Scarpa ganglion cells in the in- 
volved ear. The degree of degenerative change of 
the Scarpa ganglion cells is more severe than that of 
the spiral ganglion cells. In the animal studies Scar- 
pa ganglion cells were less involved than spiral 
ganglion cells after obstruction of the labyrinthine 
arseries.' Although there is nothing in the history to 
determine what caused the loss of Scarpa ganglion 
cells, it is probable that diminution of Scarpa gang- 
lion occurred prior to the recent vascular distur- 
bance. 


The epithelium of the endolymphatic sac and 
m icous membrane of the middle ear appeared nor- 
mal. In addition, intact ganglion cells were ob- 
served in the tympanic plexus and lesser superficial 
petrosal nerve which are supplied by branches of 
the inferior tympanic artery and the anterior tym- 
panic artery. The histological evidence of well-pre- 
served tissue in the regions supplied by the external 
carotid artery preclude the possibility that the inner 
eer changes are due to postmortem autolysis. 


Lindsay and Hemenway* reported a human tem- 
peral bone in which atrophy of the superior division 
of the vestibular nerve and associated sense organs 
were attributed to the occlusion of the anterior ves- 
tioular artery. However, vascular occlusion was not 
demonstrated. Belal et al? published a temporal 
bone case report in which the anterior vestibular ar- 
tery was occluded following middle fossa vestibular 
nerve section. In this case the hair cells of the 
utricular macula appeared intact which is in vari- 
ance to animal studies which show sensory cells to 
be most vulnerable to obstruction of the labvrin- 
thine artery. In another study, House and Belal‘ 
feund that translabyrinthine removal of tumor and 
its attendant interference with blood supply caused 
abundant hemorrhage. In animal studies venous 
obstruction led to hemorrhage while arterial 
obstruction did not.'?'* We would expect that both 
arterial and venous disturbances might occur in the 
temporal bone following surgery in the internal 
euditory canal. 


In summary, we have presented the histological 
findings in the inner ears of a patient who ex- 
perienced occlusion of the vertebral and basilar 
erteries 17 days before death. The right mem- 
Eranous labyrinth shows advanced degeneration 
presumably caused by ischemia from occlusion of 
the right labyrinthine artery. No hemorrhages are 
seen and there is no evidence of a host reponse to 
this severe state of labyrinthine necrosis. 
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Fifty-five consecutive cases of neoplastic involvement of the internal auditory meatus resulting in ipsilateral retrocochlear auditory 
dysfunction were reviewed. The majority of these tumors (89%) were solitary schwannomas of the eighth nerve. Eleven percent were 
other tumors. Preoperative facial paralysis was unusual in eighth nerve scawannomas (6.1%) and much more common in other tumors 
(66.6%). These data tend to suggest that facial paralysis preoperatively increases the probability that the tumor is other than an eighth 
nerve schwannoma. Furthermore, facial paralysis reselting from an eighth nerve schwannoma indicates a poorer prognosis for ultimate 
facial nerve function. The small numbers in this series, though far from conclusive, suggest that normally functioning facial nerves may be 
infiltrated by eighth nerve schwannomas. Failure of eventual recovery of facial nerve function in the postoperative period may suggest 


tumor infiltration. 


INTRODUCTION 


Brackmann and Bartels,' in analyzing 1,554 cere- 
bellopontine angle tumors, found approximately 
10% to be lesions other than eighth nerve schwan- 
nomas. Their observations and those mad» earlier 
by Sundaresan et al,’ describing three vaseular le- 
sions of the internal auditory meatus, suggest that 
facial paresis in lesions of the internal auditory 
meatus may have diagnostic implications as to the 
tissue type of that lesion. 


The purpose of this paper is to present our exper- 
iences with 55 consecutive surgically confirmed 
tumors involving the internal auditory meztus and 
their apparent differential effect upon the ip- 
silateral facial nerve. 


METHODS 


Preoperative. operative and postoperative neuroto ogic and 
neurosurgical observations of 55 consecutive patients with sur- 
gically confirmed tumors involving the internal auditory meatus 
and presenting with ipsilateral retrocochlear hearing loss were 
studied. One illustrative case is presented. Statistical analysis of 
the distribution of results was analyzed by the Fisher Exact Prob- 
ability Test. 


CASE REPORT 


A 31-year-old male became aware of a hearing loss ir the right 
ear in March 1975 when, while lying on his left side, he had dif- 
ficulty hearing his wife's voice. He had no other symptoms at that 
time. Physical examination was normal. Audiometry m August 
1975 showed the patient to have a right-sided mild-to- noderate 
sensorineural loss with a pure tone average of 33 dB, a 5honemi- 
cally balanced word maximum score of 76% and absen: acoustic 
reflexes along the afferent limb of the reflex arc; the efferent limb 
of the reflex arc bilaterally was normal. The Supra:hreshold 
Adaptation Test (STAT) and Bekesy Comfortable Loucness Test 
(BCL) were negative. Electronystagmography showel a pro- 
found unilateral vestibular weakness on the right, moderately in- 
tense left-beating spontaneous nystagmus, left horizontal gaze 
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nyXagmus, slight predominance of the left-beating optokinetic 
nystagmus, and left-beating caloric directional preponderance. 
Tomograms of the internal auditory meati and a CT scan were 
nozmal. A posterior fossa myelogram failed to fill the right inter- 
nal auditory meatus but did not clearly circumscribe a mass le- 
sion. 


During the ensuing 14 months, the auditory sensitivity of the 
rigat ear remained stable; however, there was fluctuation of 
speech discrimination, occasionally with “roll-over,” and fluctua- 
tion of the stapedius reflex along the afferent limb of the reflex 
arc. 


The patient was seen 16 months later and a gradually pro- 
gressive hearing loss was documented, this time with a pure tene 
average of 62 dB and 0% speech intelligibility function. STAT 
was positive and Bekesy threshold audiometry showed a type IH 
pat:ern. No afferent stapedius reflex and no auditory brainstem 
responses were elicited from the right ear (Fig. 1). 


The patient was encouraged to undergo further evaluation; he 
temporarily refused until eight months later when he suffered a 
sudden right lower motor neuron facial paresis. The right facial 
paresis involved all branches of the facial nerve with an estimated 
loss of approximately 50% of function. Polytomography of the 
fallepian canal on the right was normal; however, the right in- 
ternal auditory meatus was enlarged by 2 mm at the porus with a 
suggestion of erosion of the canal floor. Posterior fossa myelog- 
raphy demonstrated nonfilling of the right internal auditory 
meetus with a filling defect in the cerebellopontine angle of ap- 
proximately 1'ó cm. A postinfusion CT scan showed a rim of 
enhancement about the periphery of this 1'4-cm lesion. Cerebral 
angiography showed a slight inferior displacement of the anterior 
inferior cerebellar artery as it passed the plane of the porus 
acusticus and a slight displacement of the parenchymal branch of 
the petrosal vein along the anteromedial aspect of the 
cerebellopontine angle. No tumor blush was noted. The vessel 
disp:acement was consistent with the size estimation by CT scan 
and posterior fossa myelography. Facial nerve threshold electrical 
excitability tests with the stimulus at the stylomastoid foramen 
showed the right side to require 2.5 mA more current than the 
left. Suprathreshold facial nerve stimulation and whole muscie 
action potential recording at the orbicularis oris showed this 
myogenic evoked potential to be 1.8% the amplitude of the nor- 
ma! side. Electromyography of the facial musculature showed the 
right face tc be electrically silent at rest. Minimal voluntary con- 
tractions resulted in normal motor unit action potentials. Max- 
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PTA 
Fig. 1. Serial audiometric results of illustrative 
case with vascular tumor of the eighth nerve most 8/18/75 33 
consistent with cavernous hemangioma. PTA - 
Pure tone average, decibels, 500-2,000 Hz; PBm - 
Phonemically balanced word maximum score, 9/22/75 35 
pero correct; SSIm - Synthetic sentence identi- 
ication maximum score, percent correct; STAT - 9/15/75 42 
Suprathreshold Adaptation Test; BCL - Bekesy 


Comfortable Loudness test; Bekesy - Bekesy sweep 
frequency threshold test; Afferent SR - Stapedius 
reflex, acoustically induced, afferent limb of the 
reflex arc, ie, test tone in right ear, pave in left 


12/12/75 35 


ear and then in right ear; ABR - Auditory brain- 10/5/76 38 
stem responses; Delay V - Latency delay of wave 
V; CNE - Could not evaluate; Bl - No response; @ 2/2178 62 
- Elevated threshold; L] - Normal. 

8/16/78 69 


imal voluntary contractions showed a decreased interference pat- 
tern in the right orbicularis oculi and frontalis. 


The patient was operated on in December 1978 via a right 
translabyrinthine approach. The internal auditory meatus was 
filled with an extremely vascular, firm tumor which extended 
from the fundus of the canal to 1 cm medial to the porus acusticus 
within the lateral recess of the pontine cistern. The tumor was 
tightly adherent to the dura of the internal auditory meatus and 
at the fundus of the canal anterior to the facial nerve; there the 
tumor was tightly affixed to eroded bone. The facial nerve was 
displaced posteriorly about the tumor rather than lying in its 
usual anterior position; it transversed the posterior margin of the 
tumor superior-laterally to inferior-medially, spiraling across the 
periphery of the tumor. It appeared inseparable from the tumor 
mass for approximately 5 mm just lateral to the porous acusticus. 
The tumor was totally resected and the ends of the facial nerve 
were anastomosed. The histopathology of the tumor mass was 
consistent with cavernous hemangioma (Fig. 2). 


RESULTS 


The 55 surgically confirmed tumors were com- 
posed of 49 solitary schwannomas of the eighth 
nerve and 6 other neoplasms. The six other neo- 
plasms were: | eighth nerve hemangioma, 1 eighth 
nerve hamartoma, 1 eighth nerve vascular tumor 
most consistent with cavernous hemangioma, 1l 
seventh nerve schwannoma, 1 jugular foramen 
schwannoma and 1 base of skull chondroid cor- 
doma (Fig. 3). 


Of the 49 solitary schwannomas of the eighth 
nerve, 3 had preoperative facial nerve paresis. Of 
the 6 other neoplasms involving the internal audi- 
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tory meatus, 4 had preoperative facial nerve pare- 
sis. The probability of this distribution occurring by 
chance was p=0.0014 as measured by the Fisher 
Exact Probability Test (Fig. 3). 


Of three patients with a solitary schwannoma of 
the eighth nerve and preoperative facial paresis, all 
lost facial nerve function permanently. In 2 of the 
3, the facial nerve was resected as it disappeared 
within the substance of the tumor; in the other the 
facial nerve appeared to be anatomically intact fol- 
lowing a difficult dissection from the tumor. This 
patien-'s facial nerve function never recovered. In 
the 4 patients with facial nerve paresis resulting 
from other tumors of the internal auditory meatus, 
2 required resection and 2 were anatomically 
spared and recovered. The 2 that were resected 
were consumed by the tumor, 1 by a seventh nerve 
schwannoma and 1 by an eighth nerve vascular tu- 
mor most consistent with cavernous hemangioma. 


Forty-six of the 49 patients with solitary schwan- 
nomas of the eighth nerve had no demonstrable fa- 
cial nerve paresis preoperatively. Despite this fact, 
it was necessary to resect the facial nerve in four of 
these patients when it became intraoperatively ap- 
parent that the tumor had invaded the substance of 
the facial nerve. In the remaining 42 patients, the 
facial nerve remained intact. Thirty-nine of these 
42 patients had satisfactory recovery; 3 of the 42 
failed to recover facial nerve function. One of these 


Fig. 2. A) Photomicrograph of a cross 
section of an en bloc resected eighth 
nerve-cavernous hemangioma. No 
eighth nerve fibers could be identified 
histologically in or around the tumor (H 
& E, x21). B) Higher power photomi- 
crograph of endothelial-lined vascular 
spaces seen in A (H & E, x150). 
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Fig. 3. Distribution of cases of dos Scop facial paralysis 
present in solitary schwannomas 0 the eighth nerve, and 
cases of other neoplasms involving the internal auditory 
meatus. 


developed a recurrent schwannoma in the vicinity 
of the facial nerve six vears following tae initial 
resection (Fig. 4). 

Two of the 6 patients with other neoplasms af- 
fecting the internal auditory meatus had normal 
preoperative facial nerve function. One had an 
eighth nerve hemangioma and one an eighth nerve 
hemartoma: in both, the seventh nerve was intact 
at the end of the procedure and facial furction re- 
covered. 


DISCUSSION 


Brackmann and Bartels, in reviewing 1,354 
cerebellopontine angle tumors, found 91.3% were 
acoustic neurinomas and 8.7% other tumors. Our 
experiences are similar. Eighty-nine percent of our 
cases were solitary schwannomas of the eighth 
nerve, 11% were other neoplasms. 


Preoperative facial paralyses resulting from soli- 
tary schwannomas of the eighth nerve are unusual. 
Brow? in reviewing 500 patients with these tumors 
found only 3.2% with facial weakness; slightly 
mere, 5.495, had facial muscle fasciculations. In 
our small series 6.1% had facial paresis. In con- 
trast, Portmann et al* found facial paralysis much 
mere common “with other swellings involving the 
internal auditory meatus, such as meningiomas and 
chelesteatomas.” They further emphasized that two 
observations helpful in differentiating solitary 
schwannomas from meningiomas are 1) calcifica- 
tion and 2) facial paralysis in meningioma cases. 
Vascular lesions of the internal auditory canal have 
a tendency to result in earlier onset of retroeochlear 
auditory dysfunction and facial weakness.'? Other 
necplasms affecting the internal auditory meatus 
resulting in retrocochlear auditory dysfunction such 
as astrocytomas, meduloblastomas and metastatic 
tumors are frequently associated with facial paraly- 


Schwannomas 
(46) 
Spared Resected 
(42) (4) 
Recovered Never Recovered 
(39) (3) 


Tumor Free Recurrent Tumor 
(1 


(2) 


Fig. 4. Postoperative fate of facial nerve function in 46 
cases with solitary schwannomas of the eighth nerve and 
normal preoperative facial nerve function. Numbers in 
parentheses indicate the numbers of patients involved. 


sis.' In our series, 66.6% of other tumors involving 
the internal auditory meatus resulted in facial pa- 
ralysis. 

There is some evidence to suggest that facial pa- 
resis in cases of solitary schwannomas of the eighth 
nerve indicate a poor prognosis for facial nerve 
fanction postoperatively. One hundred percent of 
our cases with preoperative facial paresis lost func- 
tion of their facial nerve. This appears to be the 
result of gross and microscopic invasion of the facial 
nerve by neoplastic Schwann cells. This may be true 
even when there is no preoperative facial paresis. In 
our series, 15% of the 46 patients with normal pre- 
operative facial nerve function lost the facial nerve 
ultimately. This is consistent with the findings of 
House and Leutje? who reported 13.5% of 414 pa- 
tients having total facial paralysis postoperatively. 

Tumor recurrence might be expected if tumor in- 
vasion of the facial nerve goes unrecognized. In 1 of 
oar 3 cases with normal preoperative facial nerve 
function but permanent postoperative paralysis of 
the surgically intact nerve, a recurrent tumor was 
discovered in the region of the preexisting facial 
nerve. 

In summary, this small number of cases tends to 
suggest that schwannomas of the eighth nerve, 


though rarely causing facial paralysis, may infil- 
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IMMUNE COMPLEXES IN MIDDLE EAR F LUID IN 
CHRONIC SECRETORY OTITIS MEDIA 
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HELSINKI, FINLAND 


Data on 87 patients (113 ears) with chronic secretory otitis media (SOM) are reported. The bacteriological analysis of the middle ear 
fluid (MEF) revealed Streptococcus pneumoniae in 7% of ears. H emophilus infiwenzae in 9%. opportunistic bacteria in 20% , while 64 % 
of the samples showed no growth. Free capsular polysaccharide pneumococcal anti gens were found in 5% of the MEF samples using coun- 
terimmunoelectrophoresis (CIEP) with Omniserum containing 83 different pnewmococcal polysaccharide types. Heating of the samples to 
disrupt the immune complexes increased the frequency of positive samples to 27 7. These findings, together with the frequent, occurrence 
of S pneumoniae and H in fluenzae in the nasopharynx, stron gly support the opinion that chronic SOM in a considerable number of cases is 
an immune complex disease. 


Secretory otitis media (SOM) has been intensively at 24 hours. The capillary permeability was in- 
studied during the last 20 years. The bacteriological creased. PMN migrated into the mucosa and both 
aspects and the chemical and immunochemical] hemorrhage and damage to the subepithelial base- 
characteristics of the middle ear fluid are well docu- ment membrane had occurred. These data were 
mented as are also the histopathological processes, consistent with the complement-mediated immune 
and immune reactions in the mucosa. It is common- reaction and supported Veltri and Sprinkle's 
ly agreed that infection is a basic etiological factor hvpothesis of an immune complex disease. 


but it is not clear why the disease is resistant to 
treatment in a considerable number of children, 
sometimes resulting in permanent chronic ear dis- 
ease. This mostly takes the form of adhesive otitis 
media, as the thick fluid in the ear is subject to 
organization due to proliferation of fibrous tissue on 
the mucosal surfaces devoid of epithelium. 


Our study of the mononuclear cells in mucosal 
biopsies from SOM patients revealed the presence of 
T-, B-, non- T and non-B lymphocytes, and plasma 
cells." PMN were generally absent and these cells 
were only seen passing through the epithelium into 
the fluid. The changes were similar to those seen in 
rheumatoid arthritis, and they also lend probability 

Veltri and Sprinkle' suggested that the Coombs to the idea of an immune complex disease.?5 
and Gell type III immune complex mechanism 


could explain the chronicity of SOM. This reaction fying immune complexes which could have formed 
necessitates participation of an antigen, an anti- A ee 5c MM 


with pneumococcal capsular antigens, as pneumo- 
body, complement system, and polymorphonuclear pd capsular antigens, as pneumo 


leukocytes (PMN). All these are present in the mid- cocci are the major causative agents in acute otitis 
dleear Huid and the oropharyngeal microbes could media. Antigens can be reliably demonstrated with 
well be the source of antigens, The microbes could standardized antisera and their presence in the effu- 


; sion of chronic would give further support to 
provide the antigen, also in the absence of an acute chronic SOM would give further s pp 


MM : SOM being an immune complex disease. 
suppurative infection at each exacerbation, to react B “a 
with the locally produced (or transudative) an- 


In this paper we have concentrated upon identi- 


tibody. Following the formation of immune com- PATIENTS AND METHODS 

plexes, activation of the complement cascade via The study was carried out in 87 patients (113 ears), who were 
the classical or an alternate pathway would occur. admitted to the Department of Otolaryngology for insertion of a 
PMN and monocytes would be attracted to the mid- middł ear ventilation tube, and adenoidectomy if this had not 
dle ear where thev would die and release their in- been made earlier. Middle ear fluid (MEF) was aspirated into a 


, : ME eee ara . specia! collector through a myringotomy incision in the anterior 
tracellular contents, particularly lysosomes, into quacrant of the tympanic membrane and the sample was stored 


the tympanic cavity, with resultant damage. at -20°C until analyzed. At the same time, samples for bacterial 


: s , R culture and sensitivity testing were taken from 94 ears. 
Mravec et al? tested this hypothesis with an : 


animal model. They injected immune complexes in- All patients had had definite symptoms of SOM for some time 


to t] ‘ddl f chinchillas. which were « and X: patients (45% ) had been treated in the department several 
9 tne middie ear of chinchillas, which were Su: times with ventilation tubes. In 48 of the patients (55 95) a ventila- 


cessively killed at intervals after the injection. In- tion tube was inserted for the first time. The disease was bilateral 
tense inflammation was observed in animals killed in 64 (74%) and unilateral in 23 (26%) of the patients. 


From the Department of Otolaryngology, University of Helsinki. 
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TABLE 1. RESULTS OF BACTERIAL CULTURES 


Pneumococci T% 
Hemophilus strains 9% 
Opportunistic bacteria 20 % 
No growth 64 % 


Total aspirates 94 


Bacteriological analysis of specimens from the nasopharynx had 
been made for part of the 39 patients who came for repeated tube 
placement, or were taken during the present study. 


None of the patients had symptoms of upper respiratory in- 
fection at the time of surgery. Nor did any patient have signs of 
active otitis media, but the middle ear disease was cnaracterized 
by nearly normal-looking, poorly moving tympanie membrane 
and thick fluid in the tympanic cavity. There was one single adult 
patient in the series, having nasopharyngeal carcinoma with total 
occlusion of the eustachian tube. Ventilation tubes had been kept 
in this ear for a period of nine years and after extrusion of the tube 
the fluid had been serous on most occasions. 


For counterimmunoelectrophoresis (CIEP) the frczen samples 
were allowed to thaw in room temperature, and 200 pl of 0.9% 
NaCl was added to each sample. The sample was carefully mixed 
in a Vortex mixer (Scientific Industries Inc) and left to stand over- 
night. CIEP was performed on glass plates coated with 1% 
agarose gel in barbital acetate buffer (pH 8.2, icnic strength 
0.025), the same buffer (ionic strength 0.05) as tha: used in the 
buffer reservoirs. Parallel rows of wells with a 4 mm diameter 
were punched on the plates, 4 mm apart. The wells on the 
cathodic side were filled with 15 „1 of the reactants, and the same 
amount of Omniserum (Diagnostic Pneumococcal Antiserum, 
Statens Seruminstitut, Copenhagen) was used in the wells on the 
anodic side. The electrophoresis was run for one hour at room 
temperature using a LKB 2121 power supply of 80V with current 
strengths between 20 and 30 mA. The plates were read for pre- 
cipitin bands immediately after this, and again after overnight in- 
cubation at 4?C. 


To liberate the antigen from the immune complexes, possibly 
present in the MEF samples, the sample was trans erred into a 
small glass tube, 200 41 of 0.9% NaCl was added and the tube 
heated in a boiling water bath for 5 to 10 minutes. The samples 
were then allowed to cool, were centrifuged and the supernatant 
analyzed for pneumococcal antigens with CIEP as described 
above. 





TABLE 2. PRESENCE OF PNEUMOCOCCAL ANTIGENS 


Free soluble antigens 5% 
Bound in immune-complex 22% 


Total aspirates 113 


RESULTS 


Sixtv (64 % ) of the 94 middle ear aspirates studied 
revealed no growth of bacteria. Streptococcus 
pneumoniae was found in 7 (7%) and Hemophilus 
influenzae in 8 (9%) aspirates (Table 1). Oppor- 
tunistic bacteria, mostly staphylococci, were pres- 
ent in 19 (20%) aspirates. CIEP of the 113 aspirates 
revealed free, soluble pneumococcal antigens in 6 
(5%) ears (figure). Heating of the aspirate to 
cisrupt the immune complex produced a clear in- 
crease in the number of pneumococcal antigens, 30 
aspirates (27%) being now positive (Table 2). 


On culture, 3 of the 6 MEF with free pneumococ- 
cal antigens were positive for S pneumoniae. Pneu- 
mococci were also cultured from three of the MEF 
revealing antigen bound to immune complex but no 
free antigen. In the bacterial analyses in connection 
with earlier treatment, pneumococci had been 


found in 16 of these 64 ears (25%). 


MEF samples from the patient with nasopharyn- 
geal carcinoma had on some occasions shown non- 
pathogenic bacteria but free pneumoccocal an- 
tigens or immune complexes were not present. 


In the group of 39 patients who had previously 
been treated with repeated tube insertions, naso- 
pharyngeal swab specimens revealed S pneumoniae 
in 30 patients (80% ) and H influenzae in 25 patients 
064%). During the treatment period which covered 
several years, both microorganisms had often been 
present simultaneously and at times either one of 
the microbes had been identified. 


Example of counterimmunoelectrophoretic 
test run. A) Control run with Anti-Human 
Albumin Serum (AS), Orion Diagnostica, 
Finland: and Ortho Normal Control Serum 
Unassayed (CS), Ortho Diagnostics, Raritan, 
NJ. Strong precipitin band is seen between 
wells. B) Positive test run with Omniserum 
(OS) and middle ear fluid (ME). Arrow points 
to precipitin band. C) Negative test run. 
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DISCUSSION 


Omniserum is a polyvalent antiserum containing 
antibodies to 83 different pneumococcal polysac- 
charide types. Although the less common serotypes 
7 and 14 cannot be identified with the buffer used 
in this study, the antiserum is excellent for screening 
purposes, and demonstration of pneumococcal anti- 
gens in the MEF can be considered diagnostic. Us- 
ing CIEP and latex agglutination in a study of 472 
MEF samples from patients with acute purulent oti- 
tis media, Leinonen® found that free soluble pneu- 
mococcal capsular antigens were present in 88% of 
the 135 samples from which S pneumoniae was 
cultured. These antigens were also found in 33% of 
the 202 ears with negative cultures and in 15% of 
the MEF samples from which other pathogens asso- 
ciated with acute otitis media were isolated. In ad- 
dition, immune complexes were occasionally de- 
tected at the acute stage, the antigen becoming de- 
monstrable after heating of a sample which initially 
had been negative for pneumococcal antigen.° 


In acute purulent otitis media 40-50% of MEF 
samples taken prior to treatment will reveal S pneu- 
moniae. In the present cases of chronic SOM with 
no acute signs at the time of mvringotomy and tube 
insertion, the frequency of positive pneumococcal 
cultures was typically low (7.4%) and free, soluble 
pneumococcal, capsular antigens were equally in- 
frequent (5.3%). It was to be expected that the 
present findings would differ markedly from those 
made by Leinonen® in MEF samples from acute oti- 
tis media cases. However, disruption of the immune 
complex by heating raised the frequency of pneu- 
mococcal antigens among all 113 samples of 26.6%. 
This both bears out the pneumococcal infectious 
origin of these cases of SOM and lends support to 
the concept of an immune complex disease put for- 
ward by Veltri and Sprinkle’ as an explanation for 
the chronicity of SOM. 


It is quite probable that in this series the actual 
number »f ears with pneumococcal antigens in the 
MEF is larger than the 27% demonstrated. This is 
mainly due to the fact that the CIEP method is 
clearly less sensitive than, eg, latex agglutination? 
for the common pneumococcal type 19, and to some 
extent also for type 3. The fact that serotypes 7 and 
14 are not detected by CIEP with the used buffer 
has aiso affected the results. Thus, it seems likely 
that S pneumoniae antigens were present in the 
MEF in at least 30% of these SOM cases. 


As pointed out by Veltri and Sprinkle,' the per- 
sistence of the immune complex disease is not de- 
pendent on repeated acute middle ear infection, as 
microcrganisms in the nasopharynx could be the 
most likely source of antigens. The high frequencies 
of nasepharyngeal cultures positive for S pneumon- 
iae and H influenzae in the group of truly chronic 
cases ia tais study are quite suggestive. 


The indication that SOM is an immune complex 
disease argues in favor of the treatment of acute 
otitis media which we practice at our department 
and which we have found to be superior to conser- 
vative methods. We advocate early myringotomy 
and aspiration of the effusion in all ears with puru- 
lent acut2 otitis media to achieve rapid resolution of 
the infection.’ If the acute episodes keep recurring 
we recommend thorough adenoidectomy made 
under visual control using general intubation anes- 
thesia bcth to improve the nasopharyngeal airway 
and to remove tissue that harbors both bacteria and 
viruses.” Adenoidectomy at a later stage when the 
immune complex disease has already developed is 
no longe- of such importance and help as it is at an 
early staze of middle ear disease. It could explain 
why we have achieved good results by performing 
adenoilectomy early, whereas others on carrying 
out adenoidectomy at a late stage have found it to 
be of questionable importance. 
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Complications from otitis media and mastoiditiscontinue to occur despite modern antibiotic therapy. We report a case of lateral sinus 
thrombosis and extension to the subclavian vein following a chronic otitis media. This is the first such report of this complication. The 
presentation and management of lateral sinus throm bosis are also discussed. 


In 1881 Bezold and Siebenmann described a neck 
mass resulting from otitis media in a patient in 
whom the infection had penetrated the tip of the 
mastoid medial to the sternomastoid musele.' In the 
intervening 100 years reports on complications of 
otitis media focused on otitic and intracranial prob- 
lems. With the advent of antimicrobial therapy in 
the 1930s and 1940s such complications became less 
common. 


However, we have recently treated a petient with 
undiagnosed chronic otitis media who presented 
with a neck mass and torticollis due to thrombo- 
phlebitis of the sigmoid mass and torticollis due to 
thrombophlebitis of the sigmoid sinus and internal 
jugular vein. The patient later developed thrombo- 
sis of the subclavian vein. This case illustrates an 
unusual complication of chronic otitis media and 
we believe this to be the first report of this associa- 
tion. 


CASE REPORT 


A 30-year-old man was admitted to the City Hosp'tal Center at 
Elmhurst in April 1981 with a two-day history of tender swelling 
of the right neck. Three weeks before admission he had noted pro- 
gressive malaise and fever to 102°C with some pair in the right 
ear. A diagnosis of acute otitis media had been mace at another 
hospital and a course of oral penicillin and decongestants had 
been prescribed. Symptoms and signs persisted anc the patient 
was then given antibiotic drops for a presumed o. itis externa. 
Two days before admission he was seen by his internist who noted 
neck stiffness and pain over the right mastoid regios. A lumbar 
puncture was negative. The patient was then given oral trimetha- 
prim-sulfamethoxisole (Bactrim) and pseudoephedrine (Sudafed). 


At the time of admission the patient presented with a firm, 
well-defined tender swelling at the anterior border of the right 
sternocleidomastoid muscle along with associated torticollis. The 
patient denied any history of previous ear infections cr vertigo. He 
had no complaints of headache or dizziness. He was insure about 
the duration of his hearing loss, dating it either to the onset of his 
present illness or possibly to a single episode of foul otorrhea one 
year previously. The patient complained of dull pain behind the 
right ear. On examination he had no mastoid erythema or tender- 





Fig. 1. Lateral view showing cloudy right mastoid with 
loss of cellular architecture. 


ness and the auricle was normally positioned. The external ear 
canal was patent and ncntender. The patient had no nuchal rigid- 
ty, photophobia, facial weakness or nystagmus. The tympanic 
membrane was thickened but showed normal landmarks and mo- 


bility. 


An audiogram demonstrated a 50-dB conductive hearing loss 
en the right side with a discrimination of 92%. Mastoid x-ray 
films revealed clouding of the right mastoid, loss of cellular 
separation (Fig. 1), skeletinization of the otic capsule. and the 
destruction of the tegmen (Fig. 2). 


On admission the patient had a temperature of 102°C. His sub- 
sequent fevers were noted to have a “picket fence” pattern. The 
patient had a white blood count of 24,000 with differential: 84 
meutrophils, 2 bands, 10 lymphocytes and 4 monocytes. A diag- 
mosis of chronic otitis media and cholesteatoma with extension of 
infection into the neck was made. Intravenous ampicillin and ox- 
ecillin were administered for 36 hours before the patient was 
taken to the operating room. 


The surgical procedure began with exploration of the right 
reck. Mobilization of the anterior border of the right sterno- 
cleidomastoid muscle and entrance into the carotid sheath facili- 
tated drainage of 100 cc of frank pus. The entire right jugular vein 
was necrotic and thrombosed (Fig. 3). The inferior stump of the 
vein was traced to the junction with the subclavian vein and was 
| gated at the base of the neck without significant backflow being 
encountered. The internal jugular vein was noted to be complete- 
|. destroyed. No superior portion of the vein could be discerned. A 
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Penrose drain was inserted into the neck wound and the wound 
was closed loosely. 


Next, the right ear was prepped and a transcortical mastoidec- 
tomy was begun through a postauricular incision. The entire and 
extensive air-cell system was filled with cholesteatoma. The tym- 
panic membrane was intact. The cholesteatoma extended over 
the otic capsule which was skeletonized and into the petrous apex 
requiring retraction of the already exposed dura for removal of 
the cholesteatoma. The sigmoid sinus was collapsed on itself. Ex- 
ploration into the sinodural angle demonstrated a perisinus ab- 
scess which was drained at this point. There was no infected clot 
demonstrated within the sinus. A radical mastoidectomy was 
completed and a large meatoplasty was performed. The incus was 
noted to be eroded away from the stapes and was removed along 
with the malleus. The stapes was left in place. 


The patient awoke with bilateral chemosis which rapidly 
resolved. Neurological examination was normal with the excep- 
tion of the examination of the right ear. The patient was placed 
into an intensive care unit and given intravenous heparin, 
chloramphenicol, gentamicin and penicillin, on the advice of the 
infectious disease consultant. He rapidly became afebrile al- 
though his white blood cell count remained elevated for six davs. 
Cultures taken from the pus obtained at surgery initially showed 
only Staphylococcus epidermidis, but later grew anaerobic 
Bacteroides species. On the seventh postoperative day intravenous 
heparin was replaced by subcutaneous miniheparinization. Two 
days later the patient developed a fever of 104? C and suffered 
dramatic swelling of the right arm and tenderness over the right 
deltopectoral triangle. A venogram confirmed the clinical impres- 
sion of right subclavian thrombophlebitis (Fig. 4), and the patient 
was again given intravenous heparin. The previous antibiotics 
were discontinued and clindamycin was begun. Fever, neck and 
arm swelling and other clinical signs quickly abated and the pa- 
tient was discharged on dihydroxycoumadin with no significant 
sequelae on the 35th day following admission. The mastoidec- 
tomy cavity is healing well and there is no evidence of residual or 
recurrent disease at this time. 


DISCUSSION 


Complications due to otitis media can be divided 
into otologic, intracranial and other. Otologic com- 
plications include coalescent mastoiditis, petrositis 
and labyrinthitis while the intracranial group in- 
cludes extradural, subdural and brain abscesses, 
lateral sinus thrombosis (LST), meningitis and 
otitic hydrocephalus.? Extension beyond the crani- 
um constitutes an unusual category which includes 
cervical and distant abscesses and internal jugular 
vein thrombophlebitis. Thrombosis of the subcla- 
vian vein as demonstrated by our patient must be 
included in this group. 


Fig. 2. Towne's view showing 
right mastoid clouding and de- 
struction of right tegmen (arrow). 


Chronic otitis media may produce a neck mass 
either from direct extension through the mastoid 
cortex as described by Bezold and Siebermann,' or 
by producing an internal jugular thrombophlebitis 
as the present case. Hughes and associates reported 
a case of an aural cholesteatoma presenting as a 
large neck mass and noted that only two previous 
cases were reported in the literature.? Their patient 
had ar encapsulated mass of cholesteatoma rather 
than the frank pus seen in our patient. 


Subelavian vein thrombosis resulting from ear in- 
fection is most unusual. In a study of 60 patients 
with thrombosis of the deep veins of the arm (sub- 
clavian or axillary) Coon and Willis ascribed none 
to otologic or cervical causes.* In the present case 
we postulate direct extension from the internal 
jugular despite ligation as the etiologic mechanism. 


In most studies published, meningitis and LST 
accounted for the majority of complications. How- 
ever, more recently brain abscesses have been re- 
ported in increasingly significant numbers.*-® 
Spread of ear infection to intracranial structures 





Fig. 3. Surgical drainage of neck abscess deep to sterno- 
cleidomastoid muscle. 
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Fig. 4. Venogram revealing occlusion of right subclavian 
vein (arrow) just medial and inferior to humeral head. 


usually occurs along congenitally preformed path- 
ways such as dehiscent sutures, the jugular bulb and 
venous channels, tegmen, round and oval windows. 
Other pathways may develop as a result of acciden- 
tal or surgical trauma. Other mecharisms for 
spread include bone erosion from cholesteatoma or 
extension through intact bone by retrograce throm- 
bophlebitis, a phenomenon more frequent v associ- 
ated with acute infections.?? 


In discussing the changing patterns of complica- 
tions of otitis media, Courville reported taat from 
July 1, 1928, through June 30, 1933, approximately 
25/1,000 deaths at Los Angeles County Hospital 
were caused by some complication of otitis media, 
most commonly meningitis or LST. In -ontrast, 
from July 1, 1949, through June 30, 1954, the death 
rate from these complications fell to 2.5.1 000 and 
LST was practically eliminated. 


In a South African study, Wolfowitz imr plicated 
intracranial complications of otitis media in 1/40 
deaths in a large general hospital in the five years 
preceding the introduction of antibiotics. Twenty 
years later, these complications were fatal m 1/400. 
In 1972 he reported 28 cases involving 53 cemplica- 
tions, including 11 with LST.’ 


Proctor compared the decades 1934-1943 and 
1953-1962 and found brain abscesses and meningitis 
where the most common complaint in both. In the 
preantibiotic period, 192 complications and 39 
deaths were reported while in the antibiotic period 
only 43 complications and 1 death were noted. The 
mortality rate specifically associated with LST was 
6/16 from 1934-1937 (88%), 7/32 from 1938-1943 
(22%). Following antibiotic availability, three 


cases were reported with onlv one death. Proctor 
also noted the frequent association of LST with 
cther complications." 


Dawes reviewed 199 complications and found a 
higher incidence in the younger age groups (10-20 
years).'? Older patients with chronic otitis tended to 
saow multiple complications. LST was noted in 97 
patients and 42 of these were associated with other 
complications. Jensen reported LST as the cause of 


ceath in 0.3% of all autopsies performed from 
1300-1925, compared to 0.01% from 1956-1960." 


Lateral sinus thrombosis typically presents with 
fever, chills and sweats in a patient with chronic 
otitis media or acute coalescent mastoiditis. The 
fever is of the "picket-fence" type in which the pa- 
tent usuallv feels and looks well between febrile 
e»isodes." There can be associated anemia and 
hemolysis. Total obstruction is manifested by head- 
ache, increased CSF pressure and papilledema. 
Thrombosis of the mastoid emissary vein produces 
edema over the mastoid process, Griesinger's sign. 
Further extension of the infection along dural ven- 
oas sinuses may result in tender cervical adenopa- 
thy, chemosis, proptosis, ophthalmoplegia, retro- 
orbital pain and papilledema. Perivenous edema 
may produce paresis of the glossopharyngeal, vagal 
aad spinal accessory nerves.’ Any of the findings 
could be obscured by an associated meningitis, 
beain abscess or other intracranial complication. 


Evaluation of suspected LST includes complete 
b.ood count and blood cultures. A lumbar puncture 
and CSF examination are helpful not only to ascer- 
tain the presence of meningitis or other intracranial 
infection but also to measure the CSF pressure and 
tc perform a Tobey-Ayer-Queckenstedt test. In this 
test failure of the CSF pressure to rise following 
ccmpression of the internal jugular on the involved 
side, with a normal response on the noninvolved 
side, suggests LST. Cerebrospinal fluid (CSF) find- 
ings are usually negative except for increased CSF 
pressure. `>? 


Surgery is the treatment of choice for LST. Anti- 
biətic coverage should be instituted preoperatively 
to cover hemolytic streptococci and Streptococcus 
preumoniae which are the most common organ- 
isms.'* Staphylococci are also seen frequently and 
Gzam-negative and anaerobic Gram-positive or- 
ganisms are common in patients with chronic otitis 
media and cholesteatoma. At surgerv, the sinus 
should be evacuated of infected clot and packed off 
al er completion of a simple or radical mastoidec- 
tomv. 


Although the use of anticoagulants remains con- 
troversial, they are indicated when there is evidence 
of embolization or extension, such as in the present 
patient who developed subclavian vein thrombosis 
two davs after being switched from intravenous to 
oral anticoagulants.'^ 
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Ligation of the internal jugular vein is reserved 
for cases of continued sepsis or extension of 
disease.'^ Jahrsdoerfer and Fitz-Hugh discuss the 
advantages and disadvantages of the procedure and 
cite such potential complications as circulatory 
disorders of the brain, retrograde extension of 
thrombus, injury to the vagus, hypoglossal or spinal 
accessory nerves and air embolism.’ Proctor recom- 
mends ligation when there is evidence of the clot ex- 
tending below the mastoid, septicemia or septic em- 
boli.” In our patient there was further extension of 
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the thrombus despite ligation. 


In sammary, this case illustrates an unusual and 
poten&ialy lethal complication of otitis media 
which presents with protean symptoms. Just as 
headach2, vomiting and malaise may signal intra- 
cranial extension of infection, so do the appearance 
of a neck mass and torticollis suggest thrombosis of 
the lateral sinus and internal jugular vein. Propaga- 
tion of the thrombosis can also involve the subcla- 
vian vein as in this patient. 
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THE SECOND INTERNATIONAL SYMPOSIUM ON AUDIOLOGICAL MEDICINE 


The Second International Symposium on Audiological Medicine will be heid April 10-13, 1983, in Verona, under the auspices of the 
International Association of Physicians in Audiology. For further information contact Dr. V. Colletti, Clinica ORL dell'Universita di Pa- 


dova sede di Verona, Policlinico Borgo Roma, 37134 Verona, Italy. 
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MALIGNANT TRANSFORMATION OF ADENOLYMPHOMAS 
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Adenolymphoma (Warthin's tumor) is a relativel; frequent tumor of the parotid gland with characteristic cytological, histological 
and clinical features. Malignant transformation of the epithelial component of adenolymphomas is extremely rare and not well 
documented in the literature. In a series of eight adenolymphomas of the parotid gland transition to malignancy was demonstrated 


cytologically and histologically in one case. 


Adenolymphoma (papillary cystadenoma lym- 
phomatosum) or Warthin's tumor is a relat-vely fre- 
quent tumor of the major salivary glands. In 1910, 
Albrecht and Artz' first described this tumor as a 
morphologic entity and in 1929 Warthin’ added 
two cases of his own with an excellent description of 
their pathology. Since then the name of Warthin 
has been attached to these tumors.? 


Adenolymphomas comprise from 5 to 10% of all 
epithelial neoplasms of the salivary glands.* Tumors 
may arise at any age but develop most commonly in 
subjects over 40 years of age.* AdenolympLomas oc- 
cur five times as often in males as in femzles.? 


The adenolymphoma has been considered an es- 
sentially benign tumor. Examples of malignant 
transformation have been reported infrequently in 
the past but no case before 1954 could be accepted 
as proved.* In 1960, however, Ruebner aad Bram- 
hall* described a convincing case of malignancy 
arising in an adenolymphoma. Even if malignant 
changes of the oncocytes in adenolymphomas seem 
to be extremely rare, this possibility should be kept 
in mind. 


METHODS 


Of 65 cases of epithelial tumors removed from major salivary 
glands at Gentofte Hospital between 1976 and 198€, 8 (12.3%) 
were adenolymphomas. All patients having adenelymphomas 
were males ranging in age from 51 to 77 years (average 63). The 
interval between the first symptom, which in all cases was a 
palpable mass, and the operation ranged from 2 to 54 months 
(average 20'/,). In no case was the tumor located in tae paraparo- 
tid lymph nodes. In one case the tumor was bilateral and in two 
cases proximal to mixed tumors of the homolateral parotid gland. 


Seven of eight adenolymphomas showed a characteristic benign 
histological picture; in one case a transition to malignancy was 
demonstrated. This case is described in detail. 


CASE REPORT 


A 72-year-old male was first seen in July 1979 because of a 
slowly growing mass in the left parotid gland. He had been aware 
of the swelling for about a year. Examination revealed a movable 
tumor measuring 3 x 3 cm. There was no pain and tke function of 


the facial nerve was intact. No enlarged cervical lymph nodes 
were noted. Aspiration biopsy showed oncocytic cells with 
marked atypia of the nucleus (Fig. 1). A new aspiration biopsy 
was performed and this smear showed the presence of lympho- 
cytes, normal oncocytes and only a few with atypia of the nu- 
cleus. 
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Fig. 1. Oncocytes with finely granulated cytoplasm, sharp- 
ly demarcated cytoplasm borders and atypical large 
nucleus with nucleolus. Cells show coherence. (May- 
Grünwald-Giemsa, x400) 


From the Departments of Pathology and Otolaryngology, Gentofte Hospital. University of Copenhagen. 
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Fig. 2. Epithelial tumor cells and some showing similarity 
to oncocytes (arrows). (May-Grünwald-Giemsa, x400) 


As the lesion seemed to take an uncomplicated, benign clinical 
course, and the patient preferred to have an operation for a de- 
generative hip disorder performed first, treatment of the parotid 
gland tumor was postponed. After the hip operation the patient 
had severe cardiovascular complications which precluded another 
immediate operation. 


When the patient was examined six months after the initial ex- 
amination, the parotid tumor had increased in size. Growth had 
accelerated six weeks prior to the second observation. and al- 
though the tumor was still movable it was protruding under the 
skin. The homolateral submandibular lymph node was enlarged. 
Aspiration biopsy from the tumor and the lymph node as well 
showed epithelial tumor cells, some with a clear resemblance to 
oncocytes (Fig. 2). A parotidectomy combined with a neck dis- 
section revealed the tumor in the parotid. Tumor tissue sur- 
rounded the buccal and cervical branches of the facial nerve; 
there was no infiltration of the skin. Metastases were found in the 
submandibular lymph node. 


The patient died suddenly the first day postoperatively. The 
autopsy showed an acute subendocardial infarction proved by the 
Nitro-BT method.” No other primary tumor was found and no 
distant metastases were detected. 


Gross and Light Microscopic Findings. The surgical specimen 
included lymph nodes from the neck dissection, the enlarged sub- 
mandibular lymph node and the parotid gland measuring 9 x 7 x 5 
cm. The gland was nearly totally replaced by nondemarcated tu- 
mor tissue. The cut surface was grevish-white and firm with sev- 


Fig. 3. Typical adenolymphoma with oncocytic epitheli- 
um and reactive center in lymphoid stroma. (H & E, x100) 





eral fine clefts. In the submandibular lymph node the cut surface 
was grevish-white with necrotic areas. The lymph nodes from the 
neck dissection were small and appeared normal. 


Micrescepic examination showed a noncapsulated neoplasm in- 
filtrating salivary gland tissue, vessels, nerves and lymph nodes. 
In a very small area a remnant of a typical adenolymphoma with 
well-differentiated epithelium surrounded by lymphatic tissue 





Fig. 4. Cyst lined by a proliferating oncocytic epithelium. 
(H & E, x250) 
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Fig. 5. Fibrovascular connective tissue immediately adja- 
cent to cyst (Fig. 4) is infiltrated by small irregular sheets 
and acini. (H & E, x100) 


was found (Fig. 3). Surrounding this remnant greater cystic 
spaces containing cellular debris were seen. The cysts were lined 
by a proliferating papillary epithelium with morphological fea- 
tures characteristic of oncocytes with a distinctly eosinophilic and 
finely granulated cytoplasm. The nuclei were enlarged and 
pleomorphic with prominent nucleoli. Mitoses were present (Fig. 
4). The carcinoma infiltrating adjacent to the cystic spaces was 
partly adenomatous with mucus-secreting cells still having an ob- 
vious resemblance to oncocytes, and partly poorly differentiated 
with solid sheets (Fig. 5). The oncocytic character of the tumor 
cells was confirmed by the phosphotungstic acid hematoxylin 
(PTAH) stain." 


In the submandibular lymph node the carcinoma was adeno- 
matous and trabecular with dedifferentiated oncocvtic cells (Fig. 
6). No metastases were found in the remaining cervical lymph 
nodes. 


DISCUSSION 


Malignant changes of the epithelium cf adeno- 
lymphomas are extremely rare. In the case pre- 
sented the tumor of the parotid gland was diag- 
nosed as an adenolymphoma by aspiration biopsy. 
However, the smear contained oncocytic cells with 
marked atypia of the nucleus, but due to the usual 
benign nature of adenolymphomas and a clinical 
course without pain or facial nerve paresis, no 
treatment was initiated. In the next half year the le- 
sion seemed to take a benign clinical course, but 
subsequently clear signs of malignancy appeared 





Fig. 6. Solid sheets of tumor cells in submandibular lymph 
node. (H & E, x250) 


with accelerated growth and appearance of a meta- 
stasis. 


All stages from benign adenolymphoma to frank 
invasive carcinoma, over cysts with progressive epi- 
thelial atypia, could be demonstrated both cytolog- 
ically and histologically. The oncocytic character of 
the tumor cells could be demonstrated consistently 
even in the metastasis. 


Reports of malignant transformation of the epi- 
thelial component of adenolymphomas have been 
infrequent and generally poorly documented. 


Ssobolew’ described a case of an adenolymphoma 
with a papillary carcinoma but his illustrations 
show only coexistence of these tumors. 


Cases reported by Nicholson,'? Stohr and Risak'! 
and Skorpil'’ do not show evidence of malignancy. 
Hanford" reported a patient who developed a 
squamous cell carcinoma three vears after removal 
o: an adenolymphoma but there seemed to be no 
cennection between the two tumors. 


Gaston and Tedeschi'* and Lederman" reported 
cases with metastatic lesions in the cervical lymph 
nodes, but the primary type and site of the tumors 


92 KROGDAHL c BRETLAU 


were never proved histologically. The case reported 
by Lloyd'5 is questionable in that the illustrations 
approached a morphology more typical of a lym- 
phoepithelioma. 


Review of the literature to 1954 thus confirms the 
opinion of Foote and Frazell* that none of these 
cases of malignant adenolymphomas can be consid- 
ered proved. 


In 1960 Ruebner and Bramhall* reported a re- 
markable case of an adenolymphoma which re- 
curred after eight years and underwent malignant 
changes but still resembled an adenolymphoma. 
The description is well documented. 


In a case reported by De la Pava et al," squamous 
metaplasia of an adenolymphoma merging with a 
squamous carcinoma was observed in a paraparotid 
lymph node. A neck dissection revealed squamous 
carcinoma in three separate lymph nodes. The 
origin of the carcinoma could have been the 
adenolymphoma, but evaluation and follow-up of 
the patient for a different primary tumor was 
desirable. 


Little and Rickles'? described a patient with two 
proven primary carcinomas, an oat cell carcinoma 
of the lung and nine years earlier a squamous car- 
cinoma of the larynx. Now an adenocarcinoma in- 
filtrating an adenolymphoma was found. Malig- 
nant transformation of the adenolymphoma is a 
possibility and the illustrations seem to confirm 
this. The problem is similar in the case reported by 
Assor’? where a squamous cell carcinoma of uncer- 


tam origin invades an adenolymphoma. The pa- 
tient had had an adenocarcinoma of the opposite 
parotid gland 21 months before. 


Dóbróssy et al? presented a patient with an ade- 
nolymphoma which recurred and became an ana- 
plastic carcinoma. Gadient and Kalfayan’' re- 
ported a well-documented case of carcinoma that 
apparently originated from the atypical epithelium 
of an adenolymphoma located in an intraparotid 
lymph node. The carcinoma was situated centrally 
and completely surrounded by the adenolympho- 
ma: no invasion of the capsule was seen. 

Moosavi et al reported a case of undifferenti- 
ated carcinoma arising from an adenolymphoma. 
Eleetron microscopic similarities of the oncocytes of 
the adenolymphoma and the malignant epithelial 
cells suggest malignant transformations of the aden- 
olymphoma. 

In the literature only sporadic reports of malig- 
nant adenolymphomas are found.^*7?* 7 Some ac- 
counts may be of malignant adenolymphomas, but 
synchronous occurrence of the tumors might be a 
probable explanation. ^"? 


The adenolymphoma is a histologically and clin- 
icallv well-defined entity which, for a long time, 
has been considered completely benign. The very 
few well-documented cases of true malignancy of 
aderolymphomas show that malignant transforma- 
tion is an extremely rare phenomenon but still a 
possibility not to be overlooked in the diagnostic 
considerations of tumors of the salivary glands. 
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COCHLEAR IMPLANT EFFECTS ON THE SPIRAL GANGLION 


DWIGHT SUTTON, PHD 


JOSEF M. MILLER, PHD 


SEATTLE. WASHING TON 


To evaluate the effects of chronic intrascalar implants on spiral ganglien cells, we studied 15 monkey cochleas that had had implants 
for periods ranging from 1 to 28 months. All cases exhibited loss or ongoing cegeneration of cells. Cell loss typically was greater in the basal 
turn, where the implants were located, than at more apical locations. Incseasing apical damage was a function of postimplant survival 
time. Preimplant local treatment of the inner ear with neomycin did not induence the loss of spiral ganglion cells. Osteoneogenesis occur- 
red in the majority of cases, appearing in the basal turn with occasional extension into middle and apical turns. Cell loss was inconsistently 
associated with new bone formation. Electrical stimulation had no obvious influence on cell survival. 


Scala tympani implants are being used with in- 
creasing frequency for the amelioration of total 
deafness, although they provide relatively limited 
acoustic rehabilitation.' Placing electrodes in the 
scala tympani to improve hearing may create tissue 
changes that limit or reduce long-term usefulness. 
Trauma caused by implantation or stimulation may 
accentuate existing cochlear pathology.’* However, 
information on such effects in the human cechlea is 
minimal. One clinical case with bilateral implants 
has been available for thorough histologic st idy.* In 
this instance, the individual had scala tympani free- 
wire implants for several years preceding death. 
Both cochleas were filled with bone, and there was 
extensive destruction of cells in the spiral ganglion 
and eighth nerve axons. 


A major difficulty in interpreting such clinical 
materials stems from our inability to disentangle 
preimplant pathology from "spontaneous" cegener- 
ation of the system subsequent to (and peraaps in- 
dependent of) receipt of an implant, and from spe- 
cific effects related to the implant. It is unlikely that 
these issues can be resolved through information de- 
rived solely from clinical material. We have no 
means for evaluating detailed pathology of the 
cochlea in a patient at the time of implaatation. 
Moreover, most of these cases are complex, with di- 
verse pathologies underlying the deafness. 


The various etiologies of deafness vield a spec- 
trum of sensorineural pathologies which may be 
compounded at implant surgery. It has been noted 
that cochlear trauma of various types can lead to 
widespread ganglion cell degeneration.?* Local in- 
fection may also produce general losses, including 
destruction of spiral ganglion cells," but such out- 
comes are not always seen in response to insult." 


struction of ganglion cells.?* In all of the types of 
cochlear trauma, there is insufficient information 
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frcm which to predict the course of pathology asso- 
cieted with a cochlear implant. 


Studies using experimental animals have revealed 
a number of pathological changes associated with 
scela tympani implants. In cats, implants can in- 
duce formation of a surrounding fibrous capsule, 
dezeneration of the organ of Corti, and osteogenesis 
in the scalae.'^'* In monkeys we observed that scala 
tympani implants provoke encapsulation, loss of or- 
gan of Corti structure and loss of myelinated fibers 
in the osseous spiral lamina. We have also found 
evidence for degeneration of cells in the spiral gang- 
lioa. A comparison between a molded electrode de- 
signed to fill the scala tympani of the basal turn and 
a small diameter electrode that fits loosely in the 
scala tympani revealed that the former vielded 
greater damage, but both created pathological 
changes in the cochlea." 


in the present report we describe quantitatively 
ou- observations concerning the effects of free-fit, 
multielectrode scala tympani implants on the sur- 
vival of spiral ganglion cells. 


METHODS 


V/e studied 15 implanted ears and 3 normal unimplanted con- 
trokears, ail from young adult monkeys (1 Macaca nemestrina, 14 
M mulatta, 2 M fasicularis, 1 M arctoides). In several cases the 
animals were behaviorally tested to verify that hearing was nor- 
ma.. All were examined otologically at surgery and exhibited no 
evicence of outer or middle ear pathology. In aseptic surgery we 
implanted the anesthetized animals with a slender, free-fit silicon 
rubber carrier with four platinum-iridium wires (25 um diam- 
eter} that served as stimulating electrodes. The electrodes termin- 
ated in uninsulated balls (200 im) distributed along one surface of 
the carrier.'* Following a postauricular approach to expose the 
rouad window, we inserted the implant 8-12 mm into the scala 
tympani. In three cochleas (154R, 153R, 251R) we infused neo- 
myein sulfate (10% w/v) directly into the round window just be- 
fore inserting the scala tympani implant. 


Sarvival after the implant surgery ranged from 1 to 28 months. 
Du-ing this interval six monkeys (316L, 264L, 350R, 153L, 153R, 
251L) received regularly scheduled stimulation through elec- 


From the Virginia Mason Research Center and the Department of Otolaryngology. University of Washington, Seattle. This work was supported by NEH 
grants NS 13056, RR 05588 and RR 00166, and by the William G. Reed Fund. 


REPRINTS — Dwight Sutton, PhD, Virginia Mason Research Center, 1000 Seneca Street, Seattle, WA 98101. 


53 


54 


SUTTON & MILLER 




















100 | M wooo | ; nM TNR ^C 
| | Nina iy 
30 V 260L-/ | (— 3508-3 2648.11 
PORTER DOM di SEU Ueda ORR TT à = 
[OO | = NNI | me | — 
e 50 | IEIR- e ANU tarR- 4 : f 264,1! 
i E u NEP Eat actin tec ap ae 
eee, P 
$ 100 | u= pen ETER 
ES Y wW | av, j | 
e 50| \ E [X | 
G 164i - | Aye V 350L-5 | 1538-12 
e SER RENT SINUS FIENT: "ENERO ee eee cee tee, fede ese eat ee nae! 
b 
S IO0[ XA p 
OVA | w 
Ss 1578-2 | 1598-5 N l 3/6L-16 
Q Jar i EEE OEE ETO LENEA N a LC M LIÉ Td CORR dud EE ANNIS 
lOO P aa ORE r 
50 Td f fd 
| /53L -2 x, 28-8 | 25/L -28 
MEER OMNE " 
O 5 IO i5 O IO fo. (9 5 IO 15 
Base Apex Base Apex Base Apex 


Distance along Spiral Ganglion (mm) 


Fig. 1. Individual summary graphs showing percentage of cells remaining in spiral ganglion of monkevs with scala tvmpani im- 
plants. Graphs are based on counts of cells in every 10th or every 5th paramodiolar section. In each graph the animal identification 
number is followed by a number indicating the months of survival after receipt of implant. A bar above some of the cell profiles 
identifies presence and extent of osteogenesis in the cochlea. Note that animals 159R-5, 153R, L, and 251L received intracochlear 


neomycin at the time of implant surgery. 


trodes in the implant while they performed psychophysical tasks. 
Stimuli were charge-balanced, biphasic square or sine waves, 
1-1000 nA, 16 Hz-32 kHz. (See Pfingst et al'^ for further details.) 
Other animals underwent irregular and infrequent stimulation 
for studies of brainstem evoked response. One animal 4161R) 
received no electrical stimulation during the implant period. 


Upon completion of behavioral studies, or a predetermined 
elapsed survival period, the animals were given a lethal dose of 
pentobarbital. The middle ear was exposed and flooded with neu- 
tral buffered formalin, then immediately perfused with saline 
and then buffered formalin. The cochlea was removed, the im- 
plant was extracted, and the cochlea was stored in buffered for- 
malin for 2-3 weeks. After decalcification the tissue was em- 
bedded in celloidin and cut in a paramodiolar plane at 22 jm. 
Every tenth (in some instances, everv fifth) section was stained 
with hematoxylin and eosin (H & E). In selected cases, adjacent 
sections were stained with Holmes’ silver or Luxol fast blue. 


All cochleas were oriented in a similar plane for sectioning. The 
cells of the spiral ganglion were counted in all of the H & E sec- 
tions, using an ocular grid at 400x. Each identifiable ganglion cell 
was counted as "surviving" regardless of its apparent condition. 
This provided a conservative estimate of neural loss and damage. 
The counts were plotted as summary representations of the spiral 
ganglion from base to apex, using a modification of Guild's" pro- 
cedure. In experimental animals, the number of cells in each sec- 
tion was plotted as a percentage of the average number in the 
equivalent region based on observations from the three normal 
specimens. 


The length of the spiral ganglion was estimated by measuring 
along the inner margin of the scala tympani, starting 2 mm from 
the round window. This overestimates the length that would be 


derived from taking the centroid of Rosenthal’s canal. The differ- 
entia! was not deemed crucial to establishing the population of 
the spiral ganglion. 


RESULTS 


The estimated population of cells in the spiral 
ganglion of the three unimplanted monkeys was 
45.540, 35,670, and 48,240 (average: 43,150). They 
were distributed along a length of 12.5-13.6 mm, 
forming a spiral of two turns. Because the second 
turn segment of the spiral ganglion merges into a 
terminal bulb (containing cells serving the third 
turn and helicotrema region of the basilar mem- 
brane), the length of the spiral ganglion is difficult 
to specify accurately. Cell packing density is great- 
est in the second turn of the spiral ganglion (12.5 
cells/10°%em’). The segment of the spiral ganglion 
representing the hook region is characterized by a 
packing density that is approximately half the sec- 
ond turn value. 


All implanted animals exhibited spiral ganglion 
cell loss in the segment corresponding to the basal 
turn of the cochlea, even those whose implants had 
been in place for just one month and the animal 
whose implanted ear was not stimulated. Figure 1 
shows the extent and distribution of surviving cells 
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Fig. 2. Reaction of spiral ganglion cells in basal turn to ch 
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ronic mtrascalar implantation at two survival periods: A,B) 3 


months (161L); and C,D) 28 months (25IL). A - x160, B - x400, © - x160, D - x400) 


in the spiral ganglion of each animal receiving an 
implant. 


The magnitude of cell loss from the spiral gang- 
lion varied considerably, even among animals of 
roughly comparable implant periods. Mon<eys with 
shorter implant periods (less than four moaths) had 
a higher percentage of surviving cells than did those 
with longer implant periods. 


Certain characteristics were common to all of the 
specimens. There were degenerating cells that ex- 
hibited chromatolysis, pyknosis, and loss of peri- 
pheral dendrites. Such cells were found ir terming- 
led with apparently normal cells, although surviv- 
ing cells were found somewhat more frequently in 
sites furthest from the osseous spiral lamira. 


Figure 2 illustrates the occurrence of early degen- 
erative changes (3 months) following implantation, 
as well as the continuation of cell degeneretion over 
the longest survival period (28 months). Tis figure 
portrays sections from similar regions of the spiral 
ganglion. At three months (Fig. 2A,B), the distribu- 


tion and density of cells were almost normal, al- 
though occasional degenerating cells appear. At 28 
reonths postimplant there were few cells remaining 
ir Rosenthal's canal (Fig. 2C,D), and approximate- 
ly one third of those remaining seemed to be degen- 
eating. 


The animals implanted for periods of four 
months or less had relatively limited spiral ganglion 
cell degeneration beyond the basal region and, for 
the most part, exhibited 50% or more surviving 
c-lls in the basal segment. Few degenerating cells 
were found in the region representing middle and 
a ical turns of the cochlea. The more prolonged im- 
pant periods revealed greater loss locally at the 
level of the implant and to a lesser extent, apical to 
this region. In all six cases of eight months or longer 
implant time, degeneration of at least some of the 
cells in the apical region was noted, but a clear 
reduction in the percent of surviving cells did not 
a ways appear (Fig. 1). Of these long-term sur- 
v-vors, three had a much larger percentage of nor- 
m al-appearing cells in the apical region than in the 
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basal turn. Two ears (159R, 251R) exhibited per- 
vasive intrascalar osteogenesis and had few cells at 
any point of the spiral ganglion. One of these 
(159R) had a survival time of only five months. 
Both of these ears had undergone intrascalar perfu- 
sion of neomycin at the time of implant. The coch- 
lea of 153R (which also was infused with neomycin) 
exhibited virtually no loss of cells from the spiral 
ganglion. Two ears (264R, 264L) that had the same 
implant time as 153R, but were not treated with 
neomycin, showed a loss of spiral ganglion cells in 
the basal turn. 


In summary, only one animal with a prolonged 
implant (153R) exhibited good preservation of spi- 
ral ganglion cells, and this animal demonstrated de- 
generation in perhaps 10-15% of the cells. 


In one instance (264R-11), we were able to locate 
accurately the closely spaced tips of the individual 
electrode wires embedded in the silicon-rubber im- 
plant, inasmuch as the fibrous capsule formed 
about the implant remained in situ after removal of 
the implant. Slight cupping occurred at points in 
the fibrous capsule corresponding to the electrode 
termination sites. The number of myelinated fibers 
was reduced in osseous spiral lamina in this sector. 
Less than 30% of ganglion cells survived in the sec- 
tion adjacent to the electrodes (2.5-5 mm segment), 
while nearly 60% survived in regions both basal 
and apical to electrode placement (Fig. 1). 


Monkey 161 had bilateral implants introduced 
concurrently; the right ear received no active stimu- 
lation, while the left ear underwent frequent elec- 
trical stimulation at a normal operating level. The 
spiral ganglion on the unstimulated side exhibited 
definite, albeit limited, degeneration at two months 
postimplant. In particular, the number of cells in 
the basal segment was 50-70% of normal. There 
was perhaps slightly greater loss of spiral ganglion 
cells on the stimulated side (Fig. 1, 161L-2), an ef- 
fect seen mainly in the basal turn. In this one case 
permitting a stimulated/nonstimulated comparison, 
there was no striking contrast in cell survival pat- 
terns between the two sides. Thus, two months of 
electrical stimulation at the levels used here could 
not be identified as a significant determinant of cell 
survival. Further evidence of an indirect nature 
that bears on this question was obtained through 
comparisons with other cases. Thus, losses equaling 
or exceeding those exhibited in the basal spiral 
ganglion region of either 161L or 161R were ob- 
served in an animal that received stimulation for a 
one-month period (Fig. 1, 260L-1). Two other ani- 
mals that underwent stimulation over a two-month 
survival period (157R-2; 153L-2) gave evidence of 
slight-to-moderate loss that extended beyond the 
basal region to include cells almost as far as the apex 
of the spiral ganglion. None had damage of basilar 
membrane or osseous spiral lamina. 


Osteoneogenesis was found in association with 


the implants in all animals that had survival periods 
of four months or longer. The cochleas exhibited 
formation of lamellar bone in one or more scalae, as 
indicated in Figure 1 by the horizontal bar above 
the distribution profiles. Bone growth was observed 
after only two-months’ survival in two cases 
(157E-2, 153L-2). In most new bone, growth was 
confined to the hook region or to the basal cochlear 
turn, extending in patches along the length of the 
implant. However, evidence for more general de- 
velopment of bone beyond the apical termination of 
the implant was observed in some cases (283L-8, 
159R-5, 251L-28). Two of these received intracoch- 
lear neomycin at the time of implantation. They 
had patches of new bone throughout the cochlea, 
extending into all scalae. In all the cases, the density 
of the bone was greater with extended survival per- 
iods. 


DISCUSSION 


Th:s work demonstrates that free-fit scala tym- 
pani implants typically produce degenerative 
changes in the spiral ganglion cells. The implants 
frequently have progressive, destructive effects on 
inner ear elements that may continue over pro- 
longed periods. Deterioration in the population of 
spiral ganglion cells begins early in the postimplant 
period and continues for an indefinite time. The 
process appears to be selective since not all cells con- 
currently exhibited pathological characteristics. 
Both vealthy and degenerating cells were found in 
all ar: mals, although few of the former were seen at 
28 months postimplant. 


The spiral ganglion changes occur first in cells 
serving the region that contains the implant. Evi- 
dence of cell loss was found within one month after 
an imolant was made. The effect appeared to be re- 
stricted to the basal region in the early weeks after 
implantation. Extension of degeneration to include 
somewhat more apical regions began within four or 
five months. This extension cannot be accounted for 
on the basis of mechanical trauma involving den- 
driticterminals, since no direct contact with the im- 
plant was possible at these levels. Acute trauma at 
the time of implantation may be responsible for 
part of the degeneration effects seen in the animals 
we studied. However, the evidence of continuing 
degeneration as late as 28 months suggests that 
other ‘actors operate to promote or sustain the mor- 


biditv. 


We cannot, of course, specify the condition that 
may evolve with a very prolonged survival period. 
Inasmuch as active degeneration was noted at 28 
montis, a "final" state may not occur for a very 
prolor ged time after implantation. It is a matter for 
conjecture whether virtually all cells of the spiral 
ganglion might disappear subsequent to a scala 
tympani implant. The observations made by Johns- 
son et al’ are consistent with this possibility, al- 
though preimplant loss may have been an indeter- 





COCHLEAR IMPLANT EFFECTS ON SPIRAL GANGLION oF 


minate contributor in that case. At autopsy there 
were very few spiral ganglion cells. Schindler and 
Merzenich's study" found a large percentage of sur- 
viving ganglion cells following chronic scala tym- 
pani implantation in the cat. Behavioral st adies of 
implanted monkeys indicate that absolute sensitivi- 
ty to intracochlear stimulation remains relatively 
unchanged over long periods;'* this has also been 
reported, somewhat anecdotally, in humans.' From 
such evidence we infer that at least some of the spi- 
ral ganglion cells must remain functional for ex- 
tended periods. However, behavioral obse-vations 
also demonstrate a correlation between tl reshold 
sensitivity, dvnamic range of hearing and aistopa- 
thological state of the cochlea.'* Obviously a contin- 
uing process of degeneration that stabilizes with on- 
ly a few excitable inner ear elements would -esult in 
a svstem that is capable of only limited resolution of 
complex input. This becomes a major consideration 
with a multichannel implant. 


The possibility that electrical stimulation may 
have deleterious effects on the spiral ganglion cells 
requires further attention. We did not systenatical- 
ly manipulate the parameters of stimulation in this 
study. We noted one case (264R-11) that had local- 
ized cell loss in a region adjacent to electrodes that 
were actively stimulated. None of the other animals 
had an identifiable similar pattern, but this may re- 
flect our inability to locate the precise position of 
electrodes in the basal turn. Perhaps stimulation is 
not ordinarily injurious to nerve fibers cr spiral 
ganglion cells. The bilaterally implanted monkey 
that had no stimulation in one cochlea indicated lit- 
tle or no differential damage associated with the 
electrical stimulation. Certainly, stimulation at 
moderate and high current values can produce coch- 
lear pathology," but intermittent low-level cur- 
rent may have little effect." We believe there are 
insufficient observations of chronic implants to de- 
termine whether the normal operating levels of 
stimulation used to elicit auditory perceptions on a 
routine basis contribute to inner ear damaze. 


One may question whether the cell losses we have 
observed associated with the implant rule out its 
practical ang: term use. Two considerations may be 
losses of da ganglion el may not COII a 
deterrent to the use of scala tympani imp:ants for 
many prosthetic purposes. Despite the concern ex- 
pressed by Otte et al’ regarding the minimum num- 
ber of cells necessary for speech perception (and, by 
inference, for screening implant candidates), more 
modest functional outcomes may be acceptable. 
Perhaps a few channels of information could be 
maintained in the presence of severe spiral zanglion 
cell loss. This could occur if a few cells survive with 
appropriate separation to permit selective activa- 
tion. These channels could continue to provide im- 
portant discriminative information if properlv iden- 


tified and stimulated. Until the full course of degen- 
eration is known (including magnitude of effect and 
time course of the process), it will be difficult to 
forecast the potential information-carrying capaci- 
ty of a scala tympani electrode. It is already known 
thet the individual can perform useful discrimina- 
tions with few surviving cells.*'^ The second con- 
sideration arises from our findings in one subject 
(153R) which stands out as a long-term implant, 
with neomycin pretreatment, extensive new bone 
growth and vet little spiral ganglion cell loss. We 
cannot identify experimental factors that account 
for this somewhat inconsistent finding. Perhaps, 
however, for developmental purposes we may focus 
on our "best" observations, but for clinical purposes 
in this field we must focus on our “worst” findings. 


The occurrence of osteoneogenesis in a substan- 
tial number of our animals, and the evidence that 
this effect may be associated with relatively greater 
ganglion cell loss, indicates a need for attention to 
1) factors governing bone formation, and 2) influ- 
ences of intrascalar bone growth on spiral ganglion 
cell survival. The initial formation of new bone 
within the scalae may be a result of trauma or infec- 
tion at the time of implantation. Fractures of the 
coehlea wall or damage to the endosteal tissue can 
contribute to intrascalar osteoneogenesis.^ '^ * ^' " 
There is insufficient information to determine the 
extent to which events of this type occurring at the 
tire of implantation may explain our results in the 
monkey. These seem unlikely explanations for all 
ears with new bone growth. In some of our material 
wih restricted new bone, very careful examination 
of soft tissues in the vicinitv of the osteogenic foci 

revealed little evidence of mechanical trauma. Ex- 

tensive mechanical trauma might be assumed in the 
case of one animal (283L-8) that extracted its im- 
plant two months following initial surgery (the im- 
plant was immediately replaced and retained for an 
additional six months). This animal exhibited bone 
growth in basal and middle cochlear turns, but at 
the time of sacrifice, the apical region was clear. 
Perhaps with longer survival time the osteogenic 
process may have continued until all scalae were 
filed. None of the other monkeys had histories of 
similar trauma. The animals we studied were not 
keot under studv for a sufficiently long time period 
to determine whether there may be an obligatory, 
progressive development of intrascalar bone inde- 
pendent of the routine stimulation protocols that 
were employed during their behavioral testing. 
Scalae infiltration was incomplete at 16 months 
pcstimplant (316L) but at 28 months we observed 
new bone in all turns (251L). 


Treatment with neomycin at the time of implant 
placement may potentiate factors leading to new 
bcne growth in the cochlea, but this need not neces- 
sarily result in degeneration of cells of the spiral 
ganglion. Direct effects of neomvcin on these cells 
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seems remote, given the extensive information on 
ototoxicity.° All three animals we subjected to in- 
trascalar neomycin had new bone formation, but 
one of them had very little apparent cell loss after 
12 months. At comparable survival periods other 


— —— — — 


ears (without neomycin) had limited osteogenesis 
accompanied by variable degree of cell loss. It 
seems likely that multiple factors enter into the con- 
trol of spiral ganglion cell survival following in- 
tracochlear implants. 
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Twelve spasmodic dysphonia patients were evaluated by three different auditory brainstem response parameters; 75% were abnor- 
ma. Three of the 12 had prolonged wave I-V interpeak latency. Seven sad pathologic wave V latency shifts at a high stimulus rate. 
Angplitude ratios were normal for all subjects. The avthors hypothesize that spasmodic dysphonia is a disorder of variable cranial nerve 
syr:ptom presentations, and offer several possible models to account for its sporadic representation in the nervous system. 


Nervous hoarseness, spastic aphonia ard stam- 
mering of the vocal cords are only a few of the 
names used to describe the phonatory disorder 
known as spasmodic (spastic) dysphonia (SD).'^ 
Tbe bizarre vocal patterns, symptom variability, 
initial reports of female predominance and the lack 
of therapeutic success led clinicians until recently to 
aseribe a psychogenic etiology to this disease. 
Al-hough functional theories have domina:ed spas- 
medic dysphonia literature over the past century, 
several authors reported coexistent neurolcgic signs 
suggestive of organic disease.^* 


As early as 1939, Critchley identifiec cranial 
ne-ve symptoms, such as facial tics and spasmodic 
torticollis, in three SD patients.* Later, Rebe pros- 
peztively studied ten patients in search of an organ- 
ic foundation for this disorder.* While her 90% in- 
cieence of electroencephalographic abnormalities 
remains unreplicated, she clearly challemged the 
ccaventional view which regarded SD as a func- 
tienal disease. After extensive investigation of SD 
petients, Aronson et al hypothesized that spastic 
dvsphonia is predominantly a result of certral ner- 
vous system (CNS) dysfunction, and that psychia- 
tric factors may be viewed as complicating rather 
than primary.’ They divided spasmodic dysphonia 
into two types. The more common and disabling 
adductor form presents with a tense or “strangled” 
voice. The abductor disorder is characterized by an 
involuntary separating of the vocal cords resulting 
in a breathy voice or aphonia.’ 





Dedo and others have reported successfu: surgical 
management of adductor SD based on the parame- 
dian position assumed by the vocal co-ds after 
recurrent laryngeal nerve (RLN) sectioning and the 
compensatory movement by the contralateral vocal 
fo d.*"'! Histologic evidence to support a peripheral 
nerve etiology has been offered by Boceino and 


Tacker! and Dedo et al." They identified 
mwelinization abnormalities in 30 to 70% of RLN 
biopsies obtained from patients undergoing RLN 
section.!" In contrast, Ravits et al refuted the 
morphologic evidence upon which others had based 
their claim that peripheral neuropathy was the 
etiology of this disorder.'* In view of these conflict- 
irg claims and the absence of quantifiable measure- 
nzents, the basis of the disorder remains open to 
speculation. 


In the past decade, the auditory brainstem re- 
sponse (ABR) has emerged as an important tech- 
n-que for the identification of intracranial pathol- 
ozy. The ABR is a series of 5 to 7 surface-recorded, 
neurogenic potentials that occur in the first 10 ms 
fcllowing auditory stimulation.'? It is apparent that 
wave I reflects activity in the eighth cranial nerve; 
however, each of waves II-VII represent composite 
activity from at least two regions in the auditory 
brainstem. +6 


Sharbrough et al used the ABR procedure to eval- 
uate 18 SD patients. Thirty-nine percent mani- 
fested brainstem abnormalities as demonstrated by 
prolonged interwave or interpeak latencies. '®* The 
present report originated in an attempt to utilize 
Saarbrough's application of ABR in the evaluation 
o other patients with spasmodic dysphonia. In ad- 
d:tion to the interpeak latency (IPL) measure used 
b» Sharbrough and his colleagues, pathophysiolog- 
ical findings in neurologic diseases can also be ob- 
tained from two additional measures: the wave V to 
wave I amplitude ratio (AR), and the change in 
wave V latency at high stimulus rates. '* ? 


In order to appreciate the relevance of adding 
these measures to the ABR test battery, some back- 
ground information on the otoneurologic variables 
a fecting such measurement is presented here. The 
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teint A mi niren rrt aer aa a e a e E a e e i a t A A A B Aner e e M ener name 


Duration of 


TED cia gO Age Symptoms (yr) — L 
Patients with adductor disorder 
l M 48 20 Neg 
(4.68 
2 F 56 5 3.84 
38 M 43 20 3.80 
4 F 56 5 4.04 
5 É 47 3 4,5] 
6 F 39 2 3.7 
7$ M 57 3 4.48 
8 M 44 4 3.82 
9 F 54 6 3.82 
10 M 42 Neg 
(4.16) 
Patients with abductor disorder 
118 M 60 4 Neg 
(4.92) 
12 F 46 2 3.56 


I-V IPLt (ms) 
60 nHL, 28s 


meme rea aras yasini ang pide nat 


Repetition Rate Shift 
0f Wave V (ms) 


60 nHL, 90/s ABR 
aR Abnormality 
1.70 0.96 0.48 * 
4.16 1.60 1.80 + 
Neg 1.52 1.56 + 
3.72 0.72 1.16 * 
4.08 0.56 1.20 + 

3.68 0.72 0.60 

Neg 0.72 1.16 + 
3.80) 

4.00 0.44 0.56 — 
3.93 1.26 1.08 

Neg 0.96 0.80 + 
(4.64) 

4,34 0.64 1.24 * 
3.40 0.40 


0.48 — 


"Twelve patients ranked from most to least involved in terms of approximate severi:y of pretreatment vocal symptoms. 


*Interpeak latencies (IPLs) = 4.6 ms and repetition rate shifts > 1.04 ms are abnormal, 


§Losses = 35 dB at 4 kHz and above in both ears. 


+ Presence of an ABR abnormality; — No abnormality; nHL - Hearing level in normz! adult; Neg - Could not identify wave l at 60 dB nHL: ( ) - IPL in 


ms at 70 dB nHL. 


wave I to V IPL reflects neural conduction time 
from the periphery (wave I) to the rostral brainstem 
in the region of the inferior colliculus (wave V).?*? 
In general, wave I to wave V IPLs greater than 4.6 
ms are pathologic in adults through 50-60 years and 
in infants over 18 months, regardless of stimulus in- 
tensity (Finitzo-Hieber T, unpublished data).'5?* 
However, patients with high-frequency hearing loss 
have diminished wave Is and shortened IPLs.?* The 
presence of high-frequency hearing loss therefore 
will increase the chance of obtaining a false-nega- 
tive result on the ABR. 


The AR is the ratio of wave V to wave I and is 
used in lieu of absolute amplitude values which ex- 
hibit substantial intersubject variability. Amplitude 
ratios should be greater than a value of 0.5 to be 
considered normal (Finitzo-Hieber T, unpublished 
data) .?525 


The effect of high stimulus rates is the third mea- 
surement with neurologic application. Gerling and 
Finitzo-Hieber found that increasing the stimulus 
rate from 20 to 90 clicks per second in normal 
listeners produces a mean wave V latency shift of 
0.61 ms (standard deviation = 0.14 ms)." They de- 
fine an abnormal wave V latency increase as greater 
than three standard deviations above the mean, or 
greater than 1.04 ms. An analysis of the rate effect 
in their hearing-impaired patients demonstrated 
significantly shorter latencies when compared to 
normal subjects. Once again, with hearing impair- 
ment, there is an increased risk of false-negative 
findings. 


Wren the authors’ experimental ABR investiga- 
tions were combined with an extensive literature re- 
view. evidence emerged supporting a view of SD as 
a CNS disease with variable cranial nerve presenta- 
ton.” 


METHODS 


Six ;emales and six males diagnosed as having spasmodic 
dysphonia were studied (Table 1). Ten patients evidenced adduc- 
tor SD and two abductor SD. Spasmodic dysphonia was inde- 
pendestly diagnosed by a minimum of two speech pathologists 
and one otolaryngologist experienced in the evaluation and man- 
2,000 were normal limits for 12 patients. Three male subjects 
(Table 1: 3, 7, 11) exhibited 35 to 75 dB high-frequency losses 
from 4 :o 8 kHz. 


Bioelectric activity was recorded from gold cup EEG electrodes 
placed at the vertex and each mastoid of the patient (Cz to Al or 
A2), wth vertex and positive indicated by an upward deflection 
on the oscilloscope. Interelectrode impedance was « 5,000 ohms. 
The eiectroencephalographic signal was amplified (10^) via a 
Grass P511 amplifier, filtered (300-3,000 Hz) and fed to a Nicolet 


E E G AMPLIFIER AVERAGER X—Y RECORDER 
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| | Ne 
E 
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Fig. 1. Representation of auditory brainstem response 
mossitoring and recording equipment. 
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Fig. 2. A) Normal wave V latency shift from 6.:2 ms at 
20/s (top) to 6.72 ms at 90/s (bottom). The shift in wave V 
latency at 90/s is 0.6 ms. B) An abnormal wave V latency 
shift from 6.4 ms (top! at 20/s to 8 ms (bottom) at £0/s. The 
shift in wave V is 1.6 ms. Wave V latency is measured at 
the peak farthest to the right which is greater than half the 
amplitude of the IV-V complex on the downward negative 
slope. (Vertex positive is indicated by an upward deflec- 
tion.) 


(model 1072) computer averager triggered by stimulus onset (Fig. 
1). The time base was 20.48 ms (512 memory addresses at 40 ys 
pe~ address). Response latency was measured by mov ng the cur- 
so: on the computer averager to the positive peak of the desired 
component, determining the address in memory of that point, 
arzi converting that address to real time by multiplying the ad- 
dress by the 40-zs dwell time. Waveform amplitudes from peak to 
treugh were measured from an oscilloscope display. 


The stimulus was a 100-us rarefaction square wave pulse 
generated by a Grass S-48 stimulator and delivered menaurally to 
ar: electromagnetically shielded earphone {TDH 49). Click inten- 
sity was referenced to the average psychophysical click threshold 
of trained normal listeners in the authors’ laboratory. Such clicks 
at 30 dB above this reference, with an interstimulus irterval of 50 
ms, produced a sound pressure level (SPL) reading of 67 dB on a 
measuring amplifier (Briiel and Kjaer model 2606), linear scale, 
“stow” setting, when delivered through a 6-cc coupler and associ- 
ated condenser rnicrophone. 


Patients were tested while recumbent in a double-walled, 
scandproof room during natural or sedated sleep. “est sessions 
generally lasted 1 to 1%, hours. The amplified EEG was moni- 
tored continuously on an oscilloscope to control for muscle poten- 
tial and movement artifacts that might contaminate recordings. 
Exch response represented an average of 2,048 clicks, replicated 
orze and summed for greater accuracy and easier identification. 
Irtial test stimulus was 60 dB hearing level in normal adults 
(nL) at 20 clicks per second, followed by 90 clicks per second at 
th» same hearing level. 


RESULTS 


All three ABR parameters were examined in an 
e£ort to document CNS pathology which might not 
be evident if only one measurement was utilized. 
Tae results of the current investigation are summar- 
ized in Table 1. Seventy-five percent (9/12) were 
judged abnormal. This group included 8 of the 10 
adductor and 1 of the 2 abductor SD patients. 
Taree patients had prolonged central ccnduction 
time as measured by wave I-V IPL (=4.6 ms). 
Seven had pathologic wave V latency changes at the 


high stimulus rate (Fig. 2). Of these, three patients 
saowed this change bilaterally and four unilateral- 
l». Patient 11 (Table 1) demonstrated an IPL abnor- 
mality in one ear and a rate abnormality in the 
other ear. No amplitude ratio abnormalities were 
ieentified for any patient. 


Of the 12 patients studied, 3 had both abnormal 
Erainstem changes and high-frequency hearing loss. 
Since high-frequency hearing loss may complicate 
tae otoneurologic interpretation of the ABR, some 
comment on these three patients is appropriate. Pa- 
tent 3 had prolonged rate changes bilaterally; pa- 
tænt 7 had a prolonged rate change in his right ear; 
and patient 11 had a 1.24 ms rate increase right, 
and a 4.92 ms IPL left (Table 1). As expected, IPL 
measurements were difficult to obtain in these pa- 
tents because of their high-frequency impairments. 
Wave I is highly dependent on the integrity of the 
basal turn of the cochlea, and thus its amplitude 
can be markedly diminished with a high-frequency 
impairment. We are comfortable with labeling 
taese patients as abnormal, because while the com- 
ELication of high-frequency hearing loss may result 
in false-negative findings, it should not produce 
false-positive findings.?*?' 


DISCUSSION 


Coincidental evaluation of the auditory system in 
patients is not a unique idea. Following the 
earlier work of McCall,?? Hall and Jerger? applied 
acoustic reflex measurements to six well-studied pa- 
tents. They found a prolonged contraction time, 
and note the work of Borg which suggests this find- 
iag is indicative of central reflex pathway pa- 
taology.”’ 


In the present study, 12 patients with SD were 
evaluated by ABR. Of 9 patients who demonstrated 
abnormalities, 7 had prolonged wave V latency 
shifts at the high stimulus rate. The authors inter- 


(N.I) 





Fig. 3. Schematic of brainstem showing efferent nuclei on 
the left side of the figure and afferent on the right, 
Theoretical lesion might involve nucleus ambiguous (CN 
X, open arrow) and auditory area (CN VH, closed arrow). 
N. - Nerve; Nn. - Nerves. (Modified from Crosby EC, 
Humphrey T, Lauer EW. Correlative anatomv of the ner- 
vous system. New York: McMillan, 1962:131.) 
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TABLE 2. ASSOCIATED CRANIAL NERVE (CN) SYMPTOMS REPORTED WITH SPASMODIC DYSPHONIA uu 


Pre- Pre- 
sumed System or sumed System or 
CN Structure Symptoms Cases Ref. CN Structure Symptoms Cases Ref. 
X Larynx XH . Tongue Spasmodic move- 
Vocal folds Phonatory spasms 100% — All ments, clonic 
Expiratory spasm 2/2 40 movements, fibril- 
78 32 lary tremors* 1/3 3 
Phonatory tremor ?/8 32 Unilateral 
U1 4] protrusion* 1/10 6 
ee : Reduced alternate 
pen motion (poor diad- 
Ventricular folds — Phonatory spasm 2i9 40 ochokinesis) 3/27 1 
P8 32 1/2 40 
Expiratory spasm i : D VH Face Tics, twitches or 
i spasmst 8/27 1 
Pharynx Constriction 1/2 40 2/2 42 
?/8 32 fl 37 
Tonic spasms, Grimacing or 
tremors ?/8 32 wrinkling 
Palate (IX?) Spasms 1/3 3 prened me i 
?/8 32 29/9 42 
Tremor di 8 32 Weakness 1/3 à 
Asymmetry 1/27 1 1/10 6 
Cardiopulmon- Tachycardia attacks — lib — 41 Asymmetry 5/10 6 
ary system Synkinesis 1/27 l 
Digestive tract Choking sensation 2 33 2/2 42 
Dysphagia 1/10 6 Lips Movements} ? l 
Histopathology Abnormalities indi- Myoclonic move- l 
of RLNs cative of demye- ment | 1/3 3 
lination 30 % 12 Cheek Buccolingual dys- 
14-18 ll kinesia 1/2 34 
Eye Blepharospasm 12 394 
1 37 
VIII = Auditory system pun ABR, in- Eye blinking ? 1 
peak iatencies ; ; 
(IPL) 7/18 18 Tremor of evelid 1/10 6 
IPL and pron red Ptosis 1/27 1 
latencies at hig , dvd . 
stimulus rates 9/6 28 2 fas J ae pese e 1/3 3 
anri ji 1/10 6 Retraction 1 37 
COUST TELE Ere: Increased reflex 3/27 l 
l d contracti 6/6 30 
Dene rere Poor diadochokinesis 1/2 40 
I] Visual system Pallor of optic dises 1/3 3 
XI Neck 1/10 6 
Anterior Ticlike contrac- 
' HI Left pupil larger 
Hons oFspasmis j : than right - 240 6 
most/12 34 HT, 
;OXI i i , 
Posterior Spasmodic tor- P Miis ue ENS 1/10 6 
ticollis 1/27 l d E 
1/3 3 H Transient scoto- 
lI 36 mata 1/10 6 


* With phonation. 
tStated as facial or tongue twitches. 
i With laryngeal spasms. 


pret this finding as indicative of dysfunction which 
is apparent only when the auditory brainstem path- 
way is stressed. This less efficient CNS transmission 
exceeds the normal adaptation that occurs at high 
stimulus rates, and might result from a reduction in 
the number of auditory fibers present or altered 
synaptic function. À second ABR abnormality, in- 
creased wave I-V interpeak latency, was identified 
in three patients using the criterion of 24.6 ms. 


The prior ABR investigation by Sharbrough et al 
found 39% SD patients to have abnormal IPL.'* 
Applying only their IPL criterion to the patients re- 


ported herein would have led to identification of 
42% (5/12) as abnormal. Hence, these results are in 
close agreement. 


Interpretation of the vocal symptoms of SD pa- 
tients as evidence of dysfunction in cranial nerve X 
and the results of the ABR investigations as clearly 
showing dysfunction in the auditory pathway, led 
the authors to ask two questions. First, if SD is 
viewed as more than an isolated phonatory dis- 
order, is there evidence of other concurrent vagal 
dysfunction? Secondly, are other cranial nerves af- 
fected? 
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A survey of the SD literature reveals scattered re- 
ports of associated nervous system disease in these 
patients (Table 2). With regard to the first question, 
there are limited reports of nonlaryngeal, vagal so- 
matic findings. These include phonatory and expir- 
atory tremors, spasms and other atypica. move- 
ments of the palate and pharynx.?*?* Such reports 
may imply that in some SD patients, the vagal dys- 
furction evident at the vocal folds is only part of a 
brcader disease process. While the reports of car- 
dicpulmonary or digestive symptoms are also lim- 
ited, they are provocative as indicating visceral ef- 
ferent vagal pathology and are worthy of considera- 
tion.” Further research in this area is now in pro- 
gress. 





In addressing the second question, multiple cra- 
nial involvement is well documented with motor 
syriptoms predominanting (Table 2). Embedded 
throughout the literature are intriguing reports of 
the co-occurrence of SD with other low-ircidence 
pathologies. including essential tremor, spasmodic 
torticollis, and blepharospasm.'??*?* Sensory ab- 
normalities are infrequently reported. However, 
the ABR model might be extended to examine visual 
and somatosensory evoked potentials in SD patients 
to objectively evaluate other sensory systerns. Fur- 
ther, no patient manifested the full spectrum of 
potential cranial nerve symptoms. Rather, the pat- 
tern of presentation is idiosyncratic, the common 
symptom being the vocal disorder. 


although highly speculative and perhaps prema- 
ture, the authors hypothesize that spasmodic dys- 
phenia is a disease involving multiple cranial nerves 
with variable presentation. It may prove to be one 
of a family of disorders which are known by differ- 
ent names depending on their site of dysfunction. 





Therefore, one patient might have concurrent spas- 
medic torticollis, while another, blepharospasm 
with or without SD. Such a “patchy” involvement 
of the nervous system could explain why 25% of the 
patients in the current report had no abnormalities 
on ABR. Three disease processes might account for 
ths neurologic pattern. The first possibility is a 
semes of sporadic lesions at the peripheral nerve 
lewel. Although the work of Dedo supports this con- 
ce»t, both Ravits' investigations and the evidence 
reported herein are to the contrary.'^'? The other 
two possible pattern models assign the disease site to 
the brainstem and therefore agree with the ABR 
results. One of these possibilities might be a 
"skared" lesion involving variable regions of adja- 
ceat cranial nerve nuclei. Whereas, the other pro- 
cess would be a series of sporadically isolated or 
"skip" lesions within the brainstem nuclei (Fig. 3). 
Atthis time, there is no evidence to support one par- 
ticular pattern of CNS involvement. If SD is viewed 
as more than a disease of one cranial nerve, then 
otaer spasmodic cranial nerve syndromes might 
represent similar pathology in their appropriate 
neve.” Perhaps a common pharmacologic agent 
wil control “these spasmodic disorders.” A careful 
and systematic search for multiple cranial nerve in- 
vo: vement in these various disorders will be needed 
to clarify this matter. 


Finally, more information is required to eluci- 
date the natural history of SD patients. Future in- 
vestigation should include a survey of the progres- 
sicn of SD and its role in conjunction with other 
manifestations of neurogenic disease as a cause of 
death of afflicted patients. Then, hopefully, the 
etinlogy and treatment for SD might become evi- 
dent. 
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ECTOPIC GASTRIC MUCOSA IN THE UPPER ESOPHAGUS 
AS A CAUSE OF DYSPHAGIA 


C. H. RAINE, MBBS, FRCS 


LIVERPOOL, ENGLAND 


A rare case of dysphagia, caused by ectopic gastric mucosa situated in the upper esophagus, is reported. 


Dysphagia caused by ectopic gastric mucosa in 
the upper esophagus is a rare condition. It appears 
to have been first reported by Foxen,' and no fur- 
ther cases seem to have been described. 


CASE REPORT 


& 31-year-old male presented with a 7-manth his- 
tory of progressive dysphagia. He indicated that 
there was discomfort in the lower neck when eating 
solids. There were no other symptoms related to his 
ears, nose, or throat. A general systemic inquiry 
was not helpful, apart from revealing that he was 
smcking 40 cigarettes a day. No abnormalities were 
detected on clinical examination. 


Investigations. Routine hematological and bio- 





chemical investigations were normal, as was the 
chest x-ray film. A barium swallow was performed 
and showed a constant filling defect at the level of 
the first thoracic vertebra. The lower esophagus, 
stomach, and duodenum were normal. No gastric 
reflux was demonstrated. 


An esophagoscopy was carried out which re- 
vealed the presence of an inflamed-looking sessile 
lesion, about 1 cm in diameter, arising from the 
anterior esophageal wall. The site of the lesion cor- 
responded with the filling defect noted on the 
barium swallow x-ray film. No abnormality of the 
crieopharyngeus or the remainder of the esophagus 
were noted, and a total macroscopic removal of the 
lesion was attempted. Following this, no further 
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A) Photomicrograph of esophageal biopsy showing similar structure to gastric mucosa as found in cardiac region. Mucous secretory 
surface epithelium seen within underlying groups of glands separated by apward extensions of fibers of muscularis mucosae (H & E, 
x35). B) Magnifications of glands as seen in A showing pale rounded parietal cells with central nucleus and darker chief cells (PAS, x 
330). 
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dysphagia was reported by the patient, and he re- 
mains asymptomatic after seven months. 


HISTOLOGY 


Histological examination showed the presence of 
gastric mucosa of the cardiac type, consisting of 
mucus-secreting epithelium lining the surface and 
crypts. There was no stratified squamous epithe- 
lium. The underlying mucous glands and focal 
groups of glands contained parietal and chief cells. 
There were also small areas in which goblet cells 
were present in the surface and crypt epithelia. 
These areas were associated with a minor increase 
in chronic inflammatory cells in the lamina pro- 
pría, together with a small number of polymorpho- 
nuclear leukocytes (Figure). The Figure also shows 
a higher power section of glandular tissue showing 
parietal and chief cells. 


DISCUSSION 


The esophageal mucosa is normally lined by stra- 
tified squamous epithelium. However, areas of col- 
umnar epithelium are found fairly frequently dur- 
ing routine postmortem examinations. Schridde? 
found areas of ciliated columnar epithelium in 70% 


of 30 such cases. In 1,000 consecutive pediatric au- 
topsies, Rector and Connerly revealed the presence 
of heterotopic gastric mucosa in 7.8% of the cases.? 
Over half were in the upper third. All cases were 
asymptomatic during life. 


Embryologically, the esophageal mucosa is ini- 
tially covered by columnar epithelium which be- 
comes replaced by stratified squamous epithelium. 
This transition begins in the middle of the esopha- 
gus. Incomplete development would account for 
the presence of the columnar epithelium, but it is 
difficult to explain the related presence of ectopic 
gastric glands. Again, it is probably a congenital 
anomaly during the development of the stomach. 
As the latter is first found in the midneck region, 
cel! nests may be left during its "descent." 


Whatever the process, it is interesting to note that 
this not uncommon portmortem finding is usually 
not responsible for clinical symptoms. 


The present case differs slightly from that 
reported by Foxen.' In his case, dysphagia was 
thought to be due to spasm of the cricopharyngeus, 
the latter being attributed to the presence of ectopic 
gastric mucosa in the cervical esophagus. 


ACKNOWLEDGMENTS — I wish to thank D. Kilby (Newcastle upon Tyne} for his permission to report this case, and Professor I. Rannie (Newcastle 


upon Tyne) for preparing the photomicrographs. 
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EVALUATION OF THE NEGATIVE PRESSURE SUCTION METHOD 
IN THE CYTODIAGNOSIS OF NASOPHARYNGEAL CARCINOMA 


TAI FU HWA, MD 


KwANCUNG, PEopLe’s REPUSLIC OF CHINA 


A special device for collecting exfoliative cells in 3asopharyngeal caremoma diagnosis by negative pressure suction method is recom- 
mended. This device consists of a metallic suction tub» with a round tip asd a modulator which is connected to a suction pump; it passes 
via the oral cavity into the nasopharynx to collect exfeliative cells. From March 1973 to July 1977, 824 out-patients were examined with 
cytology and biopsy in our hospital. Of these, 481 cases were confirmed as nasopharyngeal carcinoma. Among them, 431 were cytology- 


positive; 453 cases were biopsy-positive. The positive cytology rate was 8©.6% and the positive biopsy rate was 94.2 


INTRODUCTION 


Since Morrison first utilized cytologic diagnosis in 
nasopharyngeal carcinoma (NPC) in 1949. various 
devices have been employed to collect cells from the 
nasopharynx in an attempt to increase d agnostic 
accuracy. Since the accuracy of cytologic diagnosis 
is so low, it cannot be used clinically as < routine 
procedure for NPC diagnosis (see table). In 1973 we 
designed a negative pressure suction method for cy- 
tologic examination. *? 


MATERIALS AND METHOD 


A metallic saction tube with a stainless steel tip is connected to 
a suction pump. The tip, which is round in appearance. has 15-18 
small openings on its wall. A small piece of fine cloth is inserted 
into this tip before it is screwed onto the tube. After suction, the 
exfoliative cells will be found collected on this cloth, which is then 
used for smearing. A modulator valve on the tube acts as a switch 
for adjusting the negative pressure during the suctioning process 
and is provided with a piston. Rotation of the piston caanges the 
size of the opening, and this in turn affects the patency of the suc- 
tion tube (Figs. 1 and 2). 


Before manipulation is undertaken, the nasopharynx is ordinar- 
ily anesthetized by spraying it with 1% dicaine. The suction tube 
is then passed through the oral cavity into the nasophzrynx. The 
tip of the suction tube should contact the tumor mas: or its in- 
filtrated tissue. Negative pressure used for suction is not more 
than 30 mm/Hg in most cases. Some blood streaks ma» be found 
in the saliva immediately following suctioning, but no pain is ex- 
perienced, except a sort of discomfort. 


Manipulation of the suction instrument is first carried out 
under the guidance of a headmirror and a small postnasal mirror. 
After several times, the process can be carried out without il- 
lumination. 

As soon as the suction tube is withdrawn, the tip i: removed 
and the cloth taken out. Numerous exfoliative cells wif be found 
collected on this cloth, usually a sufficient number for smearing. 
Generally 3 to 5 smears are needed for each examinaton. Cyto- 
smears are then fixed with a few drops of absolute alcohol and 
then stained with Papanicolaou technique or hematcxylin and 
eosin. 


RESULTS 


Those patients under suspicion of NPC or chronic 
nasopharyngitis were given cytologic examinations 
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aed biopsies were performed on the nasopharynx. 
When the biopsy was positive and the cytology was 
negative, no further cytologic examination was re- 
qaired. If the cytology was positive, however, and 
the biopsy was negative, and the clinical picture did 
net support the diagnosis, a biopsy would then be 
repeated. When the cytology and biopsy were both 
negative, but there existed strong clinical evidence 
of NPC, both exfoliative cells and biopsy were reex- 
amined. 


During the period March 1973 to July 1977, 824 
o&t-patients were examined. Of this number, 481 


negative cytology with positive biopsy occurred in 
ƏC cases. Among 481 cases of confirmed NPC, 431 
ceses were cytology-positive, for a positive cytology 
rate of 89.675 ; 453 cases were biopsy-positive. for a 
pesitive biopsy rate of 94.2% (p« 0.05). A false 
negative rate in our cytologic diagnosis was found 
im 50 cases, but no false positive rate was found. 


COMMENT 


Nasopharyngeal carcinoma is derived from the 
epithelium of the nasopharyngeal mucosa. The tu- 
mor mass develops in the nasopharynx and is often 
manifested as a nodule, granulation tissue, ulcera- 
ticn or a cauliflower-like infiltration. Abundant 
cancer cells are exfoliated and are found in the na- 
so»haryngeal secretion, which is essential for cyto- 
lozic examination. Early cases of NPC, even carci- 
nema in situ, can be easily detected by cytologic ex- 
araination. 


Jur negative pressure suction method can collect 
ar extensive amount of exfoliative cells, especially 
frem the fossa and hidden places in the nasopharyn- 
geal cavity. In addition, even those cancer cells 
wihin the infiltrated carcinomatous tissue, al- 
though not exfoliated, can still be obtained by 
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ANALYSIS OF THE ACCURACY OF CYTOLOGIC DIAGNOSIS IN NPC 


AS PERFORMED BY DIFFERENT AUTHORS, 1949-1964? 





Nationalit Authors 

USA Morrison (1949) 

USA Hopp (1958) 

PRC Ma & Cheng (1958) 

Indonesia Djojopranoto (1960) 

PRC Wang Yi Ling (1963) 

PRE Liang Be Chung (1964) 

Singapore Ali & Shanmugaratnam 
(1964) 

PRC Sheng Rhin Ying (1964) 

PRC Lee Chie (1964) 


PRC - People’s Republic of China. 


*Dissected tumor tissue blocks used to make cytosmears in some cases. 


means of this method. This is the reason our method 
can obtain a high positive cytology rate. On the 
other hand, we attribute a false negative rate in our 
cytologic diagnosis to the following conditions.'' 


1. Different surgeons in our clinic collected 
samples. At the beginning they were not thoroughly 
familiar with the manipulation of the suction meth- 
od. During suctioning, the tip of the tube should be 
in contact with the tumor mass or infiltrated tissue, 
otherwise a negative cytology ensues. Examination 
of the nasopharynx immediately after suctioning is 
an important measure in determining the success of 
sample collection. When the tip of the suction tube 
is in contact with the tumor mass, there will be a 
bloody secretion sticking on the mass thereafter. If 
the tip does not touch the mass or the infiltrated 
tissue, we repeat the suction at once. Cytosmears 
were fixed immediately after suctioning with abso- 
lute alcohol since delay would cause autolysis of the 
exfoliated cells. 


2. Cytologic diagnosis is difficult with infection 
(granulation tissue), necrosis and the presence of 
blood on the tumor mass. During suctioning large 
pieces of devitalized tissue or blood clots are col- 
lected. Cancer cells are relatively scanty throughout 
the sample, and this is the reason for some of our 
false negative cases. 


3. In two thirds of the cytologically positive cases, 
the cancer cells collected by our method were abun- 
dant; these cases can therefore be easily diagnosed. 





10 20 3 


Fig. 1. Negative pressure suction tube. A - Round tip; 
B - Modulator valve. 











Biopsy- Cytology- Corresponding Rate of 
Positive Positive Cytology-Positive to 
Cases Cases Biopsy-Positive Cases 
8 7 — 
12 1l -— 
63 24 38.1 
23 6 26.1 
146 89 61.0 
77 46* 60.0 
7 35 44.3 
74 56 75.7 
50 44* 88.0 


Cancer cells were less abundant in the remaining 
one third of the cytologically positive cases; how- 
ever, in this group typical cancer cells can still be 
found after careful scrutiny by experienced cytolo- 
gists and the cancer can be diagnosed in the major- 
ity of them. In those exceptional cases where cytol- 
ogic diagnosis is difficult, consultation or reexamin- 
ation may be needed to confirm the diagnosis. 


4. In rare cases, NPC will not develop or protrude 
into the nasopharynx in the accustomed manner. 
Instead, it develops and infiltrates below the 
mucosa or even into the deeper structures with a 
smooth and intact mucosa, such as in Rosenmueller 
fossa. Suctioning with an inadequate force usually 
results in false negative cases. 


In our experience, the following are some advan- 
tages in utilizing the negative pressure suction 
method in cytodiagnosis of NPC. 


1. Accuracy of cytologic diagnosis using the 
method we describe is so high that it is almost the 
same as the positive biopsy rate. 


2. Manipulation of the suction tool causes less 
pain and discomfort than the biopsy procedure. 


3. Preparation and examination of the cytosmear 
is a much simpler process than that required for the 
pathologic biopsy specimen. It takes about one hour 
to perform the cytologic diagnosis. 


4. Exfoliative cytology of the suction method can 
be used in the mass screening for NPC. In October 
1973. a mass screening of a commune was under- 
taken. Of 21,439 rural inhabitants examined, 1132 





Fig. 2. Round tip of the suction tube. 
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cytologic examinations were performed with suc- 
cessful resuits. Ten early cases of NPC were de- 
tected. 


From 1978 to date, this negative pressure suction 


method has been utilized in our hospital instead of 
performing biposies. However, when cytologic ex- 
amination is negative but clinical evidence is 
strongly suspicious of NPC, biopsy will then be used 
to confirm the diagnosis. 
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TENTH ANNIVERSARY CONFERENCE ON COCHLEAR IMPLANTS: AN INTERNATIONAL SYMPOSIUM 


The Tenth Anniversary Conference of the Interrational Symposium on Cochlear Implants will be held June 22-24, 1983, at the 
University of California in San Francisco. For further mformation write or call: Extended Programs in Medical Education, University of 
California Scheol of Medicine, Room 569-U, Third and Parnassus, San Franeisco, CA 94143; (415) 666-4251. 
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MORPHOLOGICAL ALTERATIONS AFFECTING 
THE MICROVASCULATURE IN NASAL ALLERGY 


KENSUKE WATANABE, MD 


ISAMU WATANABE, MD 


Tokyo, JAPAN 


The fine structure of human nasal blood vessels was studied in 15 nasal al-ergic patients. Biopsies were taken at different stages after 
provocation. In the early stage (two minutes after provecation), characteristic alterations of capillaries and venules were congestion, gap 
formation between two endothelial cells, and swollen vascular endothelial ces. Evidence of locally increased vascular permeability and 
congestion causing mucosal edema was found. In the late stage (20 minutes after provocation), evidence of congestion disappeared. Vascu- 
lar dilatation and marked interendothelial cell gaps were observed. In both perivascular space and sometimes in intravascular space, de- 
granulated eosinophils were observed, suggesting that not only histamine but also lysosomal enzymes in eosinphil granules may be involved 


in causing increased vascular permeability. 


Edema of the lamina propria of the nasal mucosa 
is observed in nasal allergy. The edematous fluid 
apparently leaks through the vessels which have 
been altered by allergic reaction. Since the vascular 
permeability of normal nasal mucosa is greater than 
that of other organs,'”? it is difficult to attribute the 
tissue edema to greater vascular permeability alone. 
Alterations in the microvasculature may be impor- 
tant to understanding nasal allergy (immediate hy- 
persensitivity), because this vessel system reveals the 
possible mechanism of inflammatory response. 
Some researchers have previously reported on ultra- 
structural vascular changes in nasal allergy.** The 
present study is concerned primarily with the vascu- 
lar response in different stages after provocation. 


METHOD 


Biopsies were made of mucosa on the inferior turbinates in 15 
patients who reacted to Japanese cedar in skin and nasal provoca- 
nion tests. The E ranged in age from ol to 40 vears. rant sini 
oh eight patients were taken two minutes is prov ocation and 
from another seven patients 20 minutes after provocation. A 
single spray of cedar pollen on the nasal mucosa was the method 
of provocation. Under local anesthesia (0.5 cc of 0.5% procaine), 
biopsies were taken with small forceps from the anterior tip of the 
inferior turbinate. Small blocks were fixed for two hours by im- 
mersion in ice-cold 2% glutaraldehyde buffered with 0.1 M caco- 
dylate, pH 7.3. Following fixation with glutaraldehyde, the tissue 
blocks were immersed in 0.1 M cacodvlate for ten minutes and 
then postfixed for one hour at room temperature in 2% OsO, buf- 
fered with 0.1 M cacodylate, pH 7.3. The blocks were then 
dehydrated with ethanol and embedded in Epon 812. Ultrathin 
sections were treated with uranyl acetate and lead to enhance 
contrast for electron microscopy. 


RESULTS 


Two Minutes after Provocation. The superficial 
vessels underwent changes characteristic in nasal 
allergy. Prominent among these was congestion. 
Loss of plasma and tight intravascular packing of 
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erythrocytes were observed (Fig. 1). Edema of the 
lamina propria of the mucosa was invariably pres- 
ent. Large gaps were occasionally observed be- 
tween adjacent endothelial cells, and in several 
capillaries, erythrocytes and eosinophils extra- 
vasaced into the perivascular space through these 
gaps (Fig. 1). Greatly swollen endothelial cells were 
obse-ved in four cases (50 % ), especially beneath the 
exfoliated epithelial cells, and to a lesser extent be- 
neat: the intact epithelial cell lining. The extent of 
individual endothelial cell damage varied consid- 
erabiy, and, when slight, consisted of small focal 
zones of cytoplasmic lucency (Fig. 2A). When dam- 
age was more extensive, these cells exhibited a 
larger zone of extreme cytoplasmic lucency (Fig. 
2B). Swollen endothelial cells encroached on the 
vascular lumina, which frequently were reduced to 
slit-5ke spaces containing little plasma (Fig. 2B). 
Damaged endothelial cells sometimes appeared; 
however, occlusion of vessels by these cells was rela- 
tively infrequent, and platelet sticking and throm- 
bus formation were not observed. 


Twenty Minutes after Provocation, Edema of the 
lamina propria of the mucosa appeared prominent- 
ly. Vascular dilatation and extreme gap formation 
between two endothelial cells were observed (Fig. 
3A). As very few erythrocytes and a large volume of 
plasma were observed in the vascular lumen, it was 
considered that congestion had lessened and blood 
flowed in the vessel. It was postulated that a great 
deal of plasma leaked into the perivascular space 
through gaps (Fig. 3A). 


Degranulated eosinophils were observed in both 
perivascular and intravascular spaces (Fig. 3). The 
presence of degranulated eosinophils in the intra- 
vascular space suggested that the allergen invaded 
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VESSELS IN NASAL ALLERGY 





Fig. 1. Superficial capillary showing gap formation between two endothelial cells and congestion at two minutes after provocation. 


Erythrocytes and eosinophils extravasated into permascular space through endothelial gaps. E - Eosinophil: e - Erythrocyte. 


(x6.000) 





Fig. 2. A) Focal zone of cytoplasmic lucency (arrow) observed at two minutes after provocation. e - Erythrocyte. (x15,000). B) 
Greatly swollen endothelial cell observed at two minutes after provocation. Luminal space (L) was reduced and contained little 
plasma. L - Lumen of capillary. (x17.000) 
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Fig. 3. A) Vascular dilatation and gap formation (large arrow) prominent at 20 minutes after provocation. In 
perivascular space, iy slept eosinophil was observed (arrow E). B) At 20 minutes after provocation, eosin- 
ophil granules found free in vessel and some granules disrupted (arrow E). (x7.500) 
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the vascular space and contacted eosinophils in the 
vessel.* 


DISCUSSION 


It is known that allergen-IgE antibody reaction 
mediates the release of histamine and other chem- 
ical mediators from mast cells.” Histamine increases 
the permeability of blood vessels. According to Maj- 
no and his colleagues,* '? histamine causes the en- 
dothelial cells of venules to contract. The result of 
endothelial contraction is not narrowing ef the lu- 
men but a limited separation of the endothelial cells 
due to high intravascular pressure. Differentiation 
between capillary and venule is very difficalt, espe- 
cially in nasal mucosa. In capillaries the oericytes 
are small, few and usually cover a small part of the 
outer endothelial surface. In venules thev are more 
numerous and extensive, occasionally forraing two 
to three layers." From this point of view, the vessels 
shown in Figures l and 3A,B may represert transi- 
tional vessels. Endothelial contraction may cause 
the marked crowding of erythrocytes: if so, erythro- 
cytes may be forced out through the gap:. Extra- 
vasation of erythrocytes through endothe'ial gaps 
subsequently may cause filling of these caps and 
prevent the allergen from penetrating the vessel. 
The capillary endothelial gaps are also observed in 
normal nasal mucosa.'? Although the number of 
gaps are fewer than found in allergic mucosa, vas- 
cular permeability is very high in normal mucosa. 
However, edema is not observed. It was speculated 
that since the interstitium surrounding the vessels is 
loose in normal nasal mucosa, the extrawascular 
fluid passes freely through the interstitium without 
barrier and is absorbed by other vessels and lym- 
phatics. In allergic mucosa, congestion in the early 
stage after provocation may inhibit reabsorption of 
the extravasated fluid, leading to edema. Twenty 
minutes after provocation, the congestior dimin- 
ished but the edema persisted. It is speculeted that 
the reason for this is that increased blood flow 


pen seem meme e^ 


results in higher intravascular pressure and con- 
tinued plasma leakage. 


In the late stage after provocation, both free and 
disrupted eosinophil granules were found in the in- 
terstitium and intravascularly. Lysosomal enzymes 
in eosinophil granules may have leaked into the in- 
terstitium and intravascular spaces. Wasi et al" 
have shown that lvsosomal proteases may release 
polypeptides capable of causing vascular leakage. 
Therefore eosinophilic lysosomal enzymes, in addi- 
tion to histamine from mast cells, were responsible 
for increased vascular permeability. 


Swollen endothelial cells were observed in the 
early stage after provocation, but it is unknown 
o this alteration is stage-specific. Biopsies 
were obtained during the pollen season; therefore 
the nasal mucosa had been exposed to pollen before 
experimental provocation. Swollen endothelial cells 
were not observed in all cases, but this alteration 
cannot be attributed to artifact. No evidence of this 
alteration was observed in control biopsies. Jahnke* 
reported swollen endothelial cells in nasal allergy. 
Dvorak et al? also reported that swollen endothelial 
cells were observed in delayed-type allergy. Swollen 
endothelial cells have also been described in states 
of nonspecific injury to endothelium such as in 
isehemia'* and turpentine-induced pleurisy." 
Therefore, although the swollen microvascular 
changes we have described are characteristic find- 
ings in the evolution of nasal allergic reactions in 
man, they are not specific for this type of im- 
munologic response. The pathogenesis of endothe- 
lial cell injury has not been determined, but it is 
likely that the allergen directly affects the vessel 
walls. Endothelial cells beneath the exfoliated epi- 
thelial cells are apparently more easily penetrated 
by the allergen. Swollen endothelial cells are more 

commonly found in this location. 
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COMPARISON OF SUBJECTIVE AND RADIOLOGICAL FINDINGS 
DURING THE COURSE OF ACUTE MAXILLARY SINUSITIS 
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d uci recovery Ub dr int ind ils aad most dos) with aisle cal findings. Poncio hen sinusitis which did not ean an in- 
itial healing radiographically also had more marked symptoms the fifth day, and vice versa: patients who showed less than average healing 


subiectively also showed a slower healing radiographically. 


INTRODUCTION 


It is of interest in any infectious disease to com- 
pare the patients subjective evaluations of their 
conditions with some kinds of objective measure- 
ments. We have previously analvzed the initial 
svmptoms and signs in acute maxillary sinusitis in 
relation to radiological findings. We found ten 
symptoms and signs in which there were statistical- 
ly significant differences between patients without 
sinusitis, patients with moderate sinusitis, and pa- 
tients with pronounced sinusitis as measured radio- 
graphically at the first medical visit. These were 1) 
an upper respiratory infection preceding the com- 
plaints; 2) nasal discharge: 3) nasal discharge of 
thick, vellowish or purulent character. 4) general 
malaise, 5} cough or bronchitis, 6) hyposmia, 1) 
pains at mastication, 8) fever exceeding 38°C, 9) 
mucous membrane thickening with mucoourulent 
or purulent secretion on rhinoscopy, and 10) speech 
indicating “fullness of the sinuses.” 


In the present investigation we compared these 
symptoms and signs with healing shown radiologra- 
phically during the disease course. As stated in the 
previous investigation there is very little informa- 
tion concerning specific analyses of symptoms in 
acute sinusitis. Also, there appears to be an almost 
complete lack of examinations comparing symp- 
toms with radiographic measurements. 


MATERIAL AND METHODS 


Patients with clinically suspected acute sinusitis were referred 
for radiographic examination; a previously developed point scale 
for the changes was again adopted (Table 1). 


The present material includes 176 patients showmg mucous 
membrane thickening and secretion on maxillary sinus radiogra- 
phy (4-6 points). In some cases the frontal sinuses were affected as 
well, and these patients were also included. Statistical analysis did 
not show any difference between the subjective evaluation of pa- 
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tiests with acute maxillary sinusitis when compared to patients 
with both acute maxillary and frontal sinusitis, Likewise, some 
patients showed unilateral and others bilateral maxillary sinusitis. 
Subjective evaluations of healing did not differ between those two 
grcups and consequently both were included. 


The patients were interviewed with regard to the previously 
mentionec first eight symptoms with the exception of “an upper 
respiratory infection preceding the Pa aay E tee the 
the sound of the patient s speech were evaluated by the phy sician. 
The symptoms and signs were graded according to the following 
pænt scale for complaints: 0 = none, 1 = little, 2 = moderate, and 
3- pronounced; for fever 0= <37°C, 1237-37.9?"C, 2 = 38- 
38.9°C, and 3= 239°C. 


The patients were randomly allocated into four different treat- 
ment groups: amoxicillin, azidocillin, phenylpropanolamine, and 
pivampicillin. The treatment result is presented elsewhere.” Gen- 
erally the treatment groups showed similar healing according to 
the symptoms and signs, and consequently the material is treated 
as an entity. The patients were observed on davs 5, 10, and 15 or 
as close to these davs as possible. and were on each visit again 
analyzed with regard to the symptoms and signs as well as 
raliographically examined. Patients who demonstrated complete 
healing radiographically on any of the revisits were included in 
the material on the subsequent control days as if they were still 
ccen pletely healed; however, radiographic examination was omit- 
ted. All data were computer-analvzed using analvsis of variance 
ard + test. A p .05 level was selected for statistical significance. 


RESULTS 
A comparison between the frequency of the most 


cemmon sinusitis symptoms in the previous and in 


TABLE 1. POINT SCALE FOR RADIOGRAPHIC CHANGES 


—————————————————————————————————— 
"—————————————— M '——————— RP 


———— A pensum AOT. 
No changes 0 
Mucous membrane thickening <6 mm l 
Mucous membrane thickening >6 mm 2 
secretion 2 


Mucous membrane thickening <6 mm + secretion 3 
Mucous membrane thickening >6 mm + secretion 4 
Complete opacity 6 
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REPRINTS — Alf Axelsson, MD, Yrkesaudiologiska enheten, Röda Straket 12, sahlgrenska sjukhuset, S-413 45 Göteborg, Sweden. 
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TABLE 2. COMPARISON OF FREQUENCY OF SYMPTOMS 
IN THE PREVIOUS AND PRESENT INVESTIGATIONS 


m a errare S e n a a aii 


mena ui i ra ard B A eSI 





Previous Present 
Investigation —— Investigation 

ELLO L L Lec secos he LL Rer. 
General malaise 60 92 
Fever 28 53 
Nasal discharge 97 93 
Purulent nasal discharge 75 81 
Hyposmia 75 80 
Pain f 83 
Mastication pains 30 4] 
Cough 75 68 
Pus on rhinoscopy 50 64 
Speech indicating fullness 

of sinuses i 25 65 


the present investigation is shown in Table 2. Seven 
of the ten symptoms have approximately the same 
occurrence in both investigations. Three symptoms, 
however, differed; general malaise, fever, and the 
sound of fullness in the sinuses. 


Adopting the 3-point scale for subjective svmp- 
toms and for signs, the analyzed variables show a 
fairly large variation (Fig. 1). Five symptoms on an 
average had a scale value around 2 points (moder- 
ate complaints), three other symptoms, 1.25-1.5 
points, and the symptoms fever and mastication 
pains less than 1 point (small complaints). The com- 
parison between the radiological findings and the 
subjective findings is presented in Figure 2. Adopt- 
ing the above point scale, the radiological findings 
can be illustrated with a fairly even regression line. 
In contrast the subjective findings show a more pro- 
nounced improvement during the first five days of 
treatment than the radiological findings. After 
these five days the subjective findings are con- 
siderably slower than for the first five days and are 
also slower than for radiological findings. The 
svmptoms of pain and purulent nasal discharge 
showed the relatively most subjective "remission" 
during the 15 observation days with the most pro- 
nounced subjective improvement occurring during 
the first five treatment days. Subjectively, cough 
showed the slowest initial change as well as the least 
subjective improvement of all symptoms during the 
15 days of observation. In general, very mild symp- 
toms and signs remained after the first five treat- 
ment days. 


In 101 patients (two patients excluded due to 
missing information concerning symptoms and 


signs) the sinuses showed improvement radiogra- 
phically on the fifth dav after treatment started. In 
73 patients there was no improvement shown radio- 
graphically on the fifth day. The average number of 
symptoms and signs showing no improvement or 
deterioration in these patients was 0.81 in the 
radiographically improved group and 1.7 in the 
radiographically unimproved group (including 11 
radiographically deteriorated patients). These dif- 
ferences are statistically highly significant (p .001). 
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Fig. 1. Initial grading of symptoms and signs in acute max- 
illary sinusitis. 


DISCUSSION 


In general, the frequency of symptoms and signs 
in the present and previous investigations was quite 
similar. Three symptoms, however, differ: general 
malaise, fever, and speech indicating fullness of the 
sinuses. In the present investigation the selection of 
patients was more careful compared to the previous 
investigation, ie, only patients with quite substan- 
tial symptoms were included. Possibly this explains 
the high frequency of general malaise, fever, and 
speech indicating fullness of the sinuses. As for the 
other symptoms and signs both investigations were 
quite similar. 


Analvzing the initial presence of various symp- 
toms and signs (Fig. 1) it can be seen that the vari- 
ables form two more or less different groups, one 
with findings graded » 1.8, and another with find- 
ings graded « 1.5. The average patient shows mod- 
erate complaints of nasal discharge, general mal- 
aise, hyposmia, pains, purulent discharge on rhi- 
noscopy, and small complaints of the five remaining 
variables. It is interesting to note again that some of 
these most marked sinusitis symptoms are quite 
unspecific and also occur frequently in uncompli- 
cated infectious rhinitis, as well as in vasomotor and 
allerzic rhinitis. 


Essentially irrespective of treatment the average 
patient showed a rapid subjective improvement, 
and was relieved of the most pronounced sinusitis 
symptoms during the first five davs. 


In any infectious disease such as acute maxillary 
sinusitis with a spontaneous recovery period of a 
fairlv limited time, it is of interest to know if clini- 
cal symptoms and signs correlate with other subjec- 
tive measurements of the disease course. The pres- 


ing course on an average show that few symptoms 
and signs remain after 15 days. However, subjective 
healing is more rapid than radiographic healing 


from the beginning of treatment to the fifth treat- 
ment dav. In general after five days few symptoms 
and signs remain of the acute maxillary sinusitis 
whereas radiographv still shows fairly marked 
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changes. The initial recovery was most rapid for 
some "dramatic" symptoms and signs; feve-, pus on 
the nasal mucosa on rhinoscopy, masticatien pains, 
and pain. The symptoms which showed the com- 
paratively least improvement during the first five 
days were cough, nasal discharge, hyposmia, and 
general malaise. It appears from this that the infec- 
tious component of the disease causing fever and 
ae nasal ever and the sinus ostium OC- 
piles of ihe sinuses aad e ca don pains, are 
those symptoms which are earliest relieved with an- 
tibiotic treatment, while nasal mucous membrane 
thickening remains somewhat longer, causing rhi- 
nal svmptams, ie, nasal discharge, and possibly the 
sinobronchial symptom, cough. The cough symp- 
tom, which shows the least subjective improvement 
during observed healing, also shows a regression 
line which is fairly similar to radiographic healing. 
Obviously. however, the cough symptcm could 
hardly be used as a clinical indication of the healing 
during the course of sinusitis. 


There was an acceptable correlation between 
radiographic and symptomatological hezling, not 
only in the whole material but also when the 
material was divided into patients with sinuses 
shown radiographically to be improved versus 
sinuses shown radiographically to be unimproved. 
In the latter group svmptoms were also marked. 


Similarly, when analyzing the number of patients 
with subjective symptoms which were not improved 
aker five days of treatment, there was a similar 
siznificant difference; this group showed less im- 
provement radiographically. 


In our previous investigation! the literature 
survey revealed very few specific reports on the fre- 
quency of different symptoms in acute maxillary 
sinusitis. Almost no additional information is 
availabie. In sinus disease in children, however, 
scme information is given on the frequency of 
svmptoms.^* We have not been able to find any in- 
formation concerning the relationship between 
symptoms and signs on the one hand, and an objec- 
tive measurement of the sinusitis on the other. The 
previous and present investigations disclose that the 
diagnosis of acute maxillary sinusitis based on sub- 
jective symptoms and signs is fairly difficult due to 
tke unspecific nature of some of the most marked 
and frequent symptoms. Consequently, in order to 
verify the clinical condition some other diagnostic 
measure is needed. There is good evidence that in 
the near future we will have new diagnostic mea- 
sares available which are equally comfortable and 
less risky for the UM s as igo dean eg, dd 


m 


raeasure for no the clinical disease course sat- 
istactorily 
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The mucociliary flow in the frontal sinus of dogs is in a spiral pattern from: medial to lateral. The final evacuation of mucus is through 
the ostium positioned anteriorly. Mucus flow rate is most rapid in the areas of the ostium and slowest in the area of the intersinus septum. 
Mucus flow patterns remain the same despite removing the intersinus septum and blocking one frontal sinus ostium. Mucociliary flow rate, 
however, appears to be diminished in the reoperated frontal sinus. Mucus does not appear to migrate readily across the intersinus septal 
areas when the septum has been removed and one nasofrontal duct is obstructed. 


INTRODUCTION 


The first experiments evaluating drainage of the 
frontal sinus were carried out by Hilding almost 50 
years ago.’ He evaluated the frontal sinus of dogs to 
determine the character and the migratory patterns 
of mucus flow within the sinus. In addition, he de- 
termined the mucociliary flow rate under normal 
physiologic conditions. Subsequent studies by Hild- 
ing on fresh human cadavers demonstrated frontal 
sinus mucociliary flow patterns similar to patterns 
found in the dog.’ Such findings suggest a high 
probability that mucus evacuation from the frontal 
sinus in the canine is similar to that in man. In 1967 
Messerklinger evaluated the frontal sinus in human 
cadavers and confirmed the findings of Hilding.? In 
addition, Messerklinger studied the flow patterns of 
the frontal sinus in living humans. Ninety-five of 
100 frontal sinuses evaluated in living patients dem- 
onstrated a consistent spiral flow pattern. The di- 
rection of flow was from medial to lateral and from 
superior to inferior, toward the ostium. Five of 100 
patients studied did not conform to this pattern. In 
these patients mucociliary flow was lateral to 
medial in one case, directly inferior toward the 
ostium in another. A third case demonstrated mi- 
gration of mucus medially to laterally ín certain 
areas and laterally to medially in other areas. No 
specific flow pattern could be discerned in two pa- 
tients due to an unusual number of bony septa lo- 
cated within the sinus cavities.? 


In an attempt to gain an understanding of phy- 
siologic alterations that may result from chronic 
disease, attention has recently focused on the histo- 
logic features of the frontal sinus.* Hypertrophy of 
glandular elements in the mucosa of the frontal sin- 
us has been demonstrated in patients with chronic 
frontal sinusitis. Alterations in the mucociliary flow 
patterns of the frontal sinus, however, have not 
been evaluated when the physiology of the frontal 
sinus is altered by infection or surgery. Whether or 
not mucociliary flow patterns are altered when 


obstruction of one of the nasal ducts occurs is 
unknown. The purpose of this investigation is to 
establish the normal flow pattern in the canine 
frontal sinus and to determine whether alterations 
in physiological conditions within the frontal sinus 
will result in alteration of mucociliary flow pat- 
terns. 


METHODS 


Six healthy adult dogs were used to evaluate mucociliary flow 
patterns and flow rates. Through a coronal incision, an oscillating 
saw was-used to elevate an osteoplastic flap and expose the sinus. 
The intersinus septum was left intact (Fig. 1A). Unlike man, the 
frontal sinuses of dogs are oriented in a horizontal rather than a 
vertical plane. The floor of the sinus is consistently at a lower level 
than the anteriorly situated ostium. All six dogs had similar sized 
frontal sinuses with anteriorly placed ostia. Each sinus was di- 
vided by a single intersinus septum. On each side of the septum a 
single compartment was observed. A variable number of septa 
separated shallow recesses posteriorly in each of the frontal sin- 
USES, 


A small amount of India ink was placed at various locations on 
the pesterior and anterior walls, as well as on the floor of both 
frontal sinuses. Observations were made of the mucociliary flow 
pattern and flow rate for each of the six dogs. Maps of the flow 
pattern were recorded for each animal. 


Once flew patterns and flow rates were established under nor- 
mal physiologic conditions, two dogs were operated upon and the 
fronta! sinuses exposed by an osteoplastic flap technique similar to 
the methed used in the first group of dogs. The anatomy and flow 
patterns were observed to be similar to the animals studied pre- 
viously. The intersinus septum was then removed. A rotating burr 
was used to lower the intersinus septum until it was level with the 
floor cf the frontal sinus. Care was taken to preserve the normal 
mucous membrane lining of the remaining frontal sinus. Methyl 
methacrylate was used to block one of the ostia of the frontal 
sinus. Fhe osteoplastic bone flap was then replaced and the skin 
incision closed. Twenty days following surgery, the frontal sinuses 
were re-explored and mucociliary flow patterns and flow rates 
were abserved. 


RESULTS 


MUCOCILIARY FLOW PATTERNS AND FLOW RATES 
IN THE NORMAL FRONTAL SINUS 


In each of the dogs examined, the mucociliary 
flow pattern could be well recognized within one 
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Fig. 1. A) Surgical exposure of the frontal sinus. Note ostia anteriorly. Frontal sinus in 
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dogs is oriented in a horizortal plane. The floor of the sinus is at a lower level than the 
ostium. The infundibulum is funnel-shaped forming the entroitus of the nasofrontal 
duct. B) Normal mucus flow pattern in the canine frontal sinus. Spiral flow pattern 
(arrows) is demonstrated by utilizing India ink (squares). C) Mucus flow with inter- 
sinus septum removed and ostium blocked with methy! methacrylate. Spiral flow re- 
mains unchanged. Pooling ef mucus occurs in recess of anterior portion of sinus on ob- 


structed side. 


hour by observing the movement of the ink under 
the operating microscope. In each instanze, consis- 
tent patterns of flow were observed. This pattern 
was found to be a spiral flow from media. to lateral 
toward the infundibulum of the nasofrontal duct 
(Fig. 1B). The table lists the flow patterns and flow 
rates for different positions within the canine fron- 
tal sinus. Flow rates could not be quantitated in 
millimeters per minute because of the variability in 
flow rates from animal to animal. Rates were there- 
fore measured in relationship to various regions 
within a single sinus cavity. 


Intersínus Septum. Mucociliary flow on the inter- 
sinus septum is directed posteriorly and then later- 
ally. A spiral pattern is observed as mucus flows lat- 


MUCOCILIARY FLOW PATTERNS AND 


PRIN 





Position č . Pattern Rate 
Intersinus septum Posterolateral (spiral) + 
Anterior wall Direct to ostium ++ 
Floor Posterolateral (spiral) +++ 
Posterior wall Lateral (spiral) ttt + 


Lateral wal Direct to ostium 


Infundibulum Direct to ostium 


erally across the posterior wall. At the same time 
the flow is directed laterally, it is also directed an- 
teriorly, toward the infundibulum. The mucus flow 
rate along the intersinus septum is slowest of all 
areas within the frontal sinus. 


Anterior Wall. Movement of mucus on the anter- 
ior wall is directly anterior and inferior toward the 
ostium. No lateral migration of mucus is observed. 
Mucociliary flow rate is similar to flow rates in the 
area of the intersinus septum. 


Floor. Mucociliary flow of the frontal sinus floor 
is directed posteriorly, then laterally, before empty- 
ing into the nasofrontal duct anteriorly. Flow rates 
of the frontal sinus floor are intermediate compared 
to the flow rate in the area of the posterior and 
iateral walls. 


Posterior Wall. The floor and posterior wall are 
continuous in the frontal sinus of dogs. Ink placed 
in the area of the posterior wall travels toward the 
lateral wall and then anteriorly toward the ostium, 
thus forming a spiral flow pattern. 


Lateral Wall. Unlike the floor and posterior wall 


of the frontal sinus, mucus on the lateral wall is car- 


ried directly into the ostium without demonstrating 
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any spiral flow pattern. Mucociliary flow rate in 
the area of the lateral wall is more rapid than any 
other location within the frontal sinus except for the 
infundibulum area. 


Infundibulum. The infundibulum is defined as 
that portion of the floor of the frontal sinus that is 
funnel-shaped forming the entroitus of the naso- 
frontal duct. In the immediate vicinity of the infun- 
dibulum and extending into the ostium, mucocili- 
ary flow is directly toward the ostium anteriorly. 
No spiral flow pattern is observed in the area of the 
infundiblum. In contrast, mucociliary flow peri- 
pheral to the junction of the infundiblum with the 
remaining floor of the frontal sinus is in a spiral 
flow pattern toward the lateral wall. Mucus flow 
rate within the infundibulum is the most rapid of all 
areas of the frontal sinus. 


MUCOCILIARY FLOW PATTERNS AND FLOW RATES 
IN THE PATHOLOGICALLY ALTERED FRONTAL SINUS 


Exploration of the frontal sinuses of the dogs hav- 
ing undergone previous resection of the intersinus 
septum and obstruction of one of the nasofrontal 
ducts revealed pooling of the thick clear mucus 
(Fig. 1C). The pooling was isolated to the lateral 
wall and floor on the side of the obstructed duct. 
The condition of the mucosa, however, appeared 
unchanged from that noted at the first operation, 
both grossly and under the operating microscope. 
Mucociliary flow patterns were essentially identical 
to the pattern of flow observed at the time the inter- 
sinus septum was removed. Flow rates in all areas 
were more sluggish compared to the flow rates in 
the original unaltered sinus. Flow rates were re- 
duced approximately 25% compared to the flow 
rates observed at the initial operative procedure. 
However, specific quantitative differences were not 


established. 


There appeared to be little or no movement of ink 
in the area of the previously removed intersinus sep- 
tum. The ink remained stationary in these areas for 
as long as one-half hour. Little or no movement was 


observed well beyond the time required for ink de- 
posits in other areas of the sinus to be completely 
cleared from the sinus. 


DISCUSSION 


In instances of nasofrontal duct obstruction and 
subsequent unilateral frontal sinus disease, resec- 
tion of the intersinus septum has been recommended. 
The rationale for this approach is prevention of 
stasis. Mucus on the diseased side of the frontal 
sinus is presumably transported toward the healthy 
side and downward through the nasofrontal duct. 


Removal of the intersinus septum and obstruction 
of one of the nasofrontal ducts in dogs did not ap- 
pear to influence the mucociliary flow pattern. Mu- 
cus remained stationary in the area of the resected 
intersinus septum. The lack of mucociliary flow 
across the septal area accounted for pooling of 
mucus on the side of nasofrontal duct obstruction. 
Although stasis was clearly present on the ob- 
structed side, no evidence of infection was ob- 
servec. Only 20 days elapsed between the creation 
of the unilateral nasofrontal duct obstruction and 
re-exploration of the frontal sinus. Whether muco- 
ciliary flow patterns are altered when nasofrontal 
duct obstruction is present for a longer interval is 
unknown. 


Another unanswered question is whether mucus 
flow patterns are altered when the mucosa is 
removed from the frontal sinus and allowed to re- 
generate. Regenerated mucosa in the maxillary 
sinus becomes reoriented and demonstrates muco- 
ciliary flow toward surgically created antral-meatal 
windews.^ The same may be anticipated in the 
frontal sinus. If reorientation of mucus flow pat- 
terns does occur in the frontal sinus, removal of the 
mucosa on the diseased side may be recommended 
in addition to removal of the intersinus septum. 
Such a procedure may eliminate the pooling of 
mucus and subsequent stasis observed when only 
the intersinus septum is removed. 
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B SARCOMAS OF TEE LARYNX 
REPORT OF TEN CASES 


UGUR HACIHANEFIOGLU, MD A. SETTAR ÖZTÜRK. MD 


ISTANBUL, TURKEY 


The clinical and pathologic findings of 10 laryngeal sarcomas (8 fibroszrcomas and 2 rhabdom yosarcomas) are reported. These cases 
constituted 0.02% of the 4,717 patients with carcinoma histologically verified at Faculty of Medicine in Istanbul from 1934 to 1980. 
Analysis of laryngeal fibrosarcomas reveals that they are more frequently seen in the fourth and fifth decades, while rhabdomyosarcomas 
of the larynx are rather tumors of childhood. They are generally less infiltrating than carcinomas and tend to grow as polvpoid masses. 





Metastases are rare but recurrences are frequently seen. 


Statistics dealing with a large series of patients 
with laryngeal cancer indicate that the incidence of 
sarcoma is less than 1% .'? More than 50% of laryn- 
geal sarcomas are fibrosarcomas of either mature or 
immature types.** Next in frequency are chondro- 
sarcomas, osteosarcomas and very rarely leiomyo- 
sarcomas and liposarcomas.'"? Only 12 proven 
cases of rhabdomyosarcoma of the larynx are re- 
ported in the literature.'* "7 


The purpose of this article is to report the clinico- 
pathological observations dealing with a series of 10 
laryngeal sarcomas (8 fibrosarcomas and 2 rhab- 
domyosarcomas) which were found in a survey of 
4,717 malignant tumors of the larynx (0.2 ^o) diag- 
nosed histologically at Faculty of Medicine of Istan- 
bul from 1934 to 1980. Lymphomas involving the 
larynx (six cases) were not included in this series. All 
available hematoxylin and eosin-stained sections 
were reviewed in order to establish the unequivocal 


evidence of the mesenchymatous origin of these le- 
sicns. Paraffin-preserved blocks were sectioned and 
steined with van Gieson, PTAH and silver reticu- 
lum stain (Gomori's silver method) whenever indi- 
cated. The clinical features that could be found 
from the records and pathologic findings of these 
cases are summarized in Tables 1 and 2. 


FINDINGS 


Fibrosarcomas. Age distribution in the eight cases 
varied between 8 and 60 years, two patients being 8 
and 23 vears of age. The mean age of the six other 
patients was found to be 58.8 years. Three of them 
were females and five males. Common initial com- 
plaints were hoarseness, dyspnea and pain (five pa- 
tients). The mean duration of these symptoms was 
nine months. 


The tumoral growth in most of these cases resem- 
bled a pink polypoid mass with a broad base usually 


TABLE 1. CLINICAL DATA AND HISTOLOGIC FINDINGS OF FIBROSARCOMAS OF THE LARYNX uu 
0 ee ee eee 


Case Age Size 










Symptoms and 


Duration of 


Symptoms Histological 
j 





_No, {yr Site Clinical Déagnosiz Differentiation Follow-up 
i 50 F Larynx — Papilloma l Poor Unavailable 
2 48 F Anterior com- ] Hoarseness, dyspnea and pain, h Good Unavailable 
missure; anterior tumoral mass 
third of left 
vocal cord 
3 23 M  Arytenoid — Pain and hoarseness. ulcerzted mass E Poor Unavailable 
4 52 M Laryngeal site of 1.5 Tumoral mass l Moderate Unavailable 
epiglottis 
5 60 M . Epiglottis and 1-2 Dvsphagia and pain, multiple l Good No recurrence, 
orcpharynx nodular mass alive and well 
after 2 yr 
6 50 M | Larynx 1x0.5 Hoarseness, dyspnea, pain, infiltra- ih Poor Unavailable 
tion of thyroid gland 
7 8 M Left vocal cord 2 Hoarseness and dyspnea, tumoral e Good No recurrence, 
mass alive and well 
after 3 yr 
8 45 F Right vocal cord 1-2 Hoarseness and dyspnea, tumoral 1 Moderate 3 recurrences, 
and ventricle mass alive and well 


aan aww et erwe 


after 3 yr 


From the Department of Pathology, F aculty of Medicins of Istanbul, University of Istanbul, Turkey. 
REPRINTS — Ugur Hacihanefiogiu, MD, Department of Pathology. Faculty of Medicine of Istanbul, University of Istanbul, Istanbul. Turkey, 
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TABLE 2. CASES OF EMBRYONAL RHABDOMYOSARCOMA (BOTRYOID PATTERN). 





Case Age Size Clinical Findings and Duration of 
No. (yr) Sex Site (cm) Diagnosis Symptoms (yr) Follow-up 
l 9 M Left vocal cord, ventricular 3 Polvpoid masses !a 8 recurrences and died of 
fold and side of pharynx disease after 5 vr 
2 13 M Laryngeal side of epiglottis 2 Pedunculated, soft ] 2 recurrences, living with 
polypoid mass tumor after 2 yr 
covered by epithelium. The majority of the tumors case, the polypoid tumor involving the right vocal 
were firm. In one case the tumor had expanded into cord and ventricular fold showed three recurrences 
the thyroid gland (case 6). in three years after laryngectomy and radiation. In 


two others (cases 5 and 7), recurrences following 
radiotherapy and local surgical intervention were 
not seen for two and three years. 


The main sites of the tumors were the vocal cord, 
the ventricular fold, arytenoid and epiglottic areas. 
None of the patients had clinically positive cervical 


metastases. 
Rhabdomyosarcomas. The clinical and patholog- 


ic findings of two cases of rhabdomyosarcomas orig- 
inating in the laryngeal area are summarized in 
Table 2. Both of the patients initially complained of 
airway encroachment, pain and hoarseness. They 
were both males, one being 9 and the other 13 years 
old. The size of the tumors varied from 2 to 3 cm 
and one of the tumors was pedunculated (case 2). 
Both of the tumors showed polypoid soft masses 


The histopathological pattern of this tumor was 
similar to fibrosarcoma elsewhere in the body. Ac- 
cording to the cellularity, to the amount of in- 
terstitial collagenous tissue and to the nuclear 
atypism and pleomorphism, 3 of the cases were well 
differentiated (cases 2, 5 and 7), 2 of them were 


moderately (cases 4 and 8) and 3 others were poorly 
differentiated (cases 1, 3 and 6) (Figs. 1 and 2). 


Due to the retrospective nature of this study the protruding into the lumen (botryoid type) and aris- 
follow-up data of most of the cases were unavail- ing from the laryngeal side of the epiglottis in case 2 
able, except for three cases (5, 7, 8). In the eighth and left vocal cord and ventricle with involvement 


of the left side of the pharynx in case 1. In both 
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Fig. 1. (Case 4) Fibrosarcoma. Tumor is highly cellular 
and composed of atypical fibrocytic and fibroblastic Fig. 2. (Case 8) Fibrosarcoma. Micrograph showing 


elements exhibiting moderate degree of pleomorphism. (H tumor consisting of moderately differentiated spindle cells. 
& E, x 125) (H & E, x 325) 
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Fig. 3. (Case 2) Botryoid rhabdomyosarcoma. Marked 
nuclear pleomorphism and occasional giant cells of multi- 


ple nuclei. (H & E, x 500) 


cases, the patients were treated with radiotherapy 
and subsequent laryngectomy. The first case showed 
eight successive recurrences following excisions and 
radiotherapy in the five years before death, and the 
tumor expanded to oropharyngeal and nasodharyn- 
geal areas. The surrounding lymph nodes showed 
no metastases. In the second patient, two recur- 
rences occurred in two years. This patient is alive 
with tumor and has no palpable cervical and dis- 
tant metastases. 


The tumors were composed of a dense subepithe- 


lial aggregate of tumor cells, either rounded or 
spindle-shaped, forming interlacing bundles. The 
celis had deeply stained nuclei. Larger and smaller 
areas of loose myxomatous stroma were scattered, 
especially in the vicinity of ectatic vessels. A few of 
the tumor cells had a prominent acidophilic cyto- 
plasm suggesting rhabdomyoblasts which were oc- 
casionally grouped together. Occasional giant cells 
of multiple nuclei were present between individual 
spindle cells. In none of the cases could definite 
cross striations be noted (Fig. 3). 


COMMENTS 


The follow-up data of three of the cases showed 
that the well-differentiated types (cases 5 and 7) 
had no recurrences and no metastases, while the 
moderately differentiated type showed three suc- 
cessive recurrences in three years (case 8). 


In spite of the fact that fibrosarcoma is mostly 
seen in adults in late years of life, Rigby and Holing- 
er'* described a fibrosarcoma in an infant, and one 
of the cases presented in this paper was found only 
in an 8-year-old male (case 7). 


The polypoid pattern described in laryngeal 
rhabdomyosarcomas, as well as in our cases, was 
similar to that in embryonal rhabdomyosarcomas 
arising from the genitourinary system and of other 
anatomical locations.*:'? Nearly all of these tumors, 
as it is noted in those tumors of the head and neck, 
are the tumors of childhood.?*?' The botryoid pat- 
tern seen in these cases should be related to the site 
of origin and the age of patients. 


Although rhabdomyosarcomas are highly malig- 
nant neoplasms of striated muscle, the clinical 
course of rhabdomyosarcoma in the laryngeal area 
seems to be similar to botryoid tumors of the uro- 
genital system in that metastases infrequently occur 
but recurrences are the rule. Accordingly, in both of 
these presented cases, the insidious course and in- 
vasive growth of the tumor with recurrences was 
noted. 
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THIRD INTERNATIONAL SYMPOSIUM ON RECENT ADVANCES IN OTITIS MEDIA WITH EFFUSION 


The Third International Symposium on Recent Advances in Otitis Media with Effusion, sponsored by the Ohio State University Col- 
lege of Medicine, will be held on May 17-20, 1983, at the Bahia Mar Hotel in Fort Lauderdale, Florida. The purpose of the symposium is to 
update information and gain important new concepts on otitis media with effusion, or serous (secretory) otitis media. 


Topics included are: definition, classification, epidemiology, etiology, pathogenesis, pathology, microbiology, immunology, diagno- 
sis, mass screening, medical and surgical management, prevention, and outcome. Over 80 outstanding speakers and panelists from the 
United States and abroad are included. 

Registration is $250 (residents $180). This continuing medical education offering will meet the criteria for Category I approval of the 
Physician's Recognition Award of the AMA. To receive further information, write David J. Lim, MD, 4331 University Hospitals Clinic, 
456 Clinic Drive, Columbus, OH 43210. 
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INTERNATIONAL ELECTRIC RESPONSE AUDIOMETRY STUDY GROUP 


The International Electrice Response Audiometry Study Group will hold its eighth biennial meeting at the University of Ottawa on 
July 4-8, 1983. The meeting will consist of invited review lectures, symposia, platform presentations and poster displays in all areas of audi- 
tory evoked potential research. The deadline for receipt of abstracts is March 15th, 1983. For more information contact Dr. T. W. Picton, 
Division of Neurology, Ottawa General Hospital, 501 Smyth Road, Ottawa, Canada, KIH 8L6. 
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VOCAL FOLD PARESIS IN SHY-DRAGER SYNDROME 


Davip G. HANSON, MD 


LOS ANGELES, CALIFORNIA 


CHRISTY L. LUDLOW, PHD 


CELIA J. BASSICH, MA 


BETHESDA, MARYLAND 


Twelve patients with Shy-Drager syndrome (SDS) oresenting symptoms of multiple nervous system atrophy and orthostatic hypoten- 
sion were examined for laryngeal movement disorders and vocal impairmert in speech. Vocal fold abductor paresis was found in 11 pa- 
tients and was bilateral in 10. Speech task performance was recorded in SD5 patients, Parkinson patients and age- and sex-matched con- 
trols. Trained listeners with inter-rated reliability > .85 judged each recording on 20 attributes while blind to speaker identity. SDS patients 
had a breathy and strained voice quality, reduced loucness, monopitch anc monoloudness, imprecise consonants, variations in rate and 
rate-slowing, suggesting a flaccid type of dysarthria. In comparison with Parkinson patients, SDS patients had excess vocal hoarseness, in- 
termittent glottal fry and a slow and deliberate speaking rate. Orthostatic hypotension, laryngeal stridor, hoarseness, intermittent glottal 
fry and slow speech rate were found to be discriminating symptoms of SDS. 


INTRODUCTION 


The study of laryngeal function abnormalities in 
patients with central nervous system pathology and 
laryngeal dysfunction may be valuable for im- 
proved understanding of the neural control of nor- 
mal laryngeal function. The Shy-Drager syndrome 
(SDS),' one form of neurogenic orthostatic hypoten- 
sion, usually presents in late middle age with a 
gradual onset of failure of the autonomic nervous 
system and signs of multiple systems atrophy’ af- 
fecting corticospinal and cerebellar pathways as 
well as the basal ganglia. Initial symptoms include 
postural hypotension, impotence, sphincter dys- 
function, and anhydrosis with later progression to 
panautonomic failure. The autonomic symptoms 
are usually followed by atypical parkinsonism 
and/or cerebellar dysfunction with eventual pro- 
gression to devastating debilitation and death. 
Respiratory failure requiring tracheostomy has 
been reported in SDS? and prompted us to further 
evaluate laryngeal and speech functions in a series 
of patients presenting with this syndrome. 


SDS has some similarities to Parkinson disease. 
The latter is confined to the nigrostriatal neuronal 
system while SDS is a multiple system discrder in- 
volving the nigrostriatal, olivoponto cerebellar, 
brainstem and intermediolateral column of the 
spinal cord.** Using surface electromyography of 
the intrinsic laryngeal musculature, Guidi et al$ 
found denervation of the posterior cricoarytenoid in 
five patients with SDS and interarytenoic abnor- 
malities in three cases. By comparison, cnly one 
third of patients with idiopathic parkinsonism pre- 
sented minor electromyographic abnormalities. 
Since both syndromes present phonatory disorders, 
the differences in laryngeal and speech dysfanctions 
between the two disorders was of interest to deter- 


mine the effects of pathology involving different 
components of the CNS on vocal function. 


METHODS 


Twelve consecutive patients who met the criteria for diagnosis 
of SDS with orthostatic hypotension and multiple CNS defects' 
were included in the investigation. All had normal glucose toler- 
ance and no evidence of amyloidosis or any disorder known to be 
asscciated with orthostatic hypotension. 


Clinical Evaluation. The patients and their families were ques- 
tioned about upper respiratory tract difficulties, changes in voice, 
snoring, respiratory stridor, and episodes of apnea. Each patient's 
larynx and pharynx were examined by one observer on multiple 
occasions. Laryngeal and vocal fold movement was observed by 
indirect laryngoscopy during quiet respiration, deep inspiration 
anc expiration, and phonation. A fiberoptic nasolaryngoscope 
was used when indirect laryngoscopy was not feasible and to 
visualize the larynx during connected speech. In patients with 
marked abductor paresis, prolonged observation was necessary to 
determine whether there was adductor motion of the arytenoids. 


Speech Analyses. The last seven SDS patients were included in 
a study of phonatory function. Each subject's speech was recorded 
in & sound-treated environment while seated in the upright posi- 
tion in a high-backed chair with arm rests. All subjects tolerated 
the sitting position well for 15 minutes of speech recording. Re- 
cordings were made with a head-held Electret condensor micro- 
phone with a constant mouth-to-microphone distance of 7.5 cm. 
Scotch low noise magnetic recording tape No. 206 was used with 
a full tract Nagra No. 4-S stereo portable tape recorder at 7 ') ips. 
Before each recording, a 1000-Hz calibration tone was played at 
85 dB SPL and the sound level read at the face of the subject's mi- 
crophone with a General Radio sound level meter model No. 
1933. An instruction tape provided the speech items for imitation 
inciuding extended vowel phonation, sentence imitation, rapid 
repetition of vowels and consonant-vowel syllables, rapid onset of 
phenation, pitch and intensity imitations and stress contrasts on 
polysyllabic words. 


Age- and sex-matched normal controls without a history or 
symptoms of neurologic, otolaryngologic or speech and language 
diserders were recorded in the same manner as the SDS patients. 
Similarly, seven age- and sex-matched patients with idiopathic 
parkinsonism were selected for study. All Parkinson patients were 
receiving L-Dopa therapy (4-7 mg daily), had tremor and rigidity 


From the Section of Head and Neck Surgery, Surgery Service, Veterans Administration, Wadsworth Medical Center, U.C.L.A., Los Angeles; and the 
National Institute of Neurological and Communicative Disorders and Stroke, Bethesda, Maryland. 
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TABLE 1. MEAN AND STANDARD DEVIATIONS OF MODE RATINGS DIFFERING BETWEEN 


SHY-DRAGER PATIENTS AND AGE- AND SEX-MATCHED NORMAL CONTROLS 


TU A nn HH I TIT nini nt en ttr ee rn i T E TATE ERAI A T OA T ARA TIN UA TE 


Shy-Drager Patients 


Normal Controls 


Speech Attribute X SD X SD F value* pof F 
Strain strangle 3.43 1.62 L7] 0.76 5.63 050 
Breathy 3.29 2.29 1.57 0.79 6.08 .040 
Imprecise consonants 4.00 1.92 1,355 0.54 16.33 .006 
Variable rate 4.86 1.07 2,86 1.46 6.06 .040 
Monopitch 4.00 1.63 1.86 0.69 14.4] .009 
Monoloudness 3.86 1.46 2.54 0.98 S437 .050 
Reduced stress 3.43 1.62 1.71 1.11 6.95 .030 
Intensity 4.7] 2.43 1.88 2.99 5.81 .050 
Rate 4.86 1.46 1.99 0.95 12.76 .010 


* ANOVA l-way for repeated measures on log-transformed data. 


and were without signs of dyskinesia when recorded. All were 
ambulatory for short distances, had bilateral movement problems 
and speech symptoms. 


Three speech pathology graduate students were trained to rate 
tape recordings of patients’ speech on 20 different attributes (see 
appendix). The speech attributes selected for training were those 
identified by Darley et al’ as characteristic of hypokinetic and 
flaccid dysarthrias. 


Rating scales from 1 to 7 were used for each of the 17 attributes 
with 1 representing no occurrence of abnormality and 7 repre- 
senting complete dysfunction. Pitch level, intensitv level and 
overall rate were judged on a 13-point scale with a normal rating 
being a 7; 6 through 1 being progressively too low, too soft or too 
slow; and 8 through 13 being progressively too high, too loud or 
too fast. 

Rater listening training was extensive; 20 l-hour sessions of 
listening to training tapes of dysarthric and normal speakers were 
required to reach a criterion intraclass correlation coefficient 
value of 0.85 or greater on each of the attribute rating scales prior 
to rating the experimental tapes. 

The 21 tapes of SDS, control and parkinson patients were 
plaved to the three judges following training with no information 
provided regarding speaker identity. Listeners were 60 cm from a 
Sony TC-105 tape recorder in a sound-controlled room. During 
playback, the calibration tone was adjusted to read the same SPL 
on a sound level meter at the listener's ears as was measured at the 
subject’s microphone during recording. The listeners rated each 
tape on all 20 attributes; the mode rating for each subject for each 
attribute was selected for analysis. To provide a common refer- 
ence for judging pitch and intensity, synthesized /a/ vowels with 
fundamental frequencies of 100 Hz and 200 Hz for males and 
females respectively were played at 80 dB SPL re 0.0002 
dynes/cm? prior to each subject recording. 


RESULTS 


Clinical Findings. The neurological symptoms of 
the group of patients recorded for this study were 
previously described by Williams et al.* The pa- 
tients ranged in age from 54 to 68 years, with a 
duration of disease from 2 to 8 years. All of the SDS 
patients had parkinsonian symptoms ranging from 
mild to severe. Nine of the 12 patients in the series 
had cerebellar signs, none severe. Eleven of the 12 
had some bulbar dysfunction, and all had sexual 
and sphincter dysfunction and significant postural 
hypotension. 


The respiratory symptoms in these patients typi- 


cally began with increased snoring at night. This 
was a complaint in 9 of the 12 patients, and was 


predictive of eventual progression to stridor (in 7 of 
the 9 patients) and respiratory failure (in 6 of the 9 
patients). Symptoms were often worse at night, and 
sleep apnea was a major problem in 2 of the 12 pa- 
tients. Hoarseness was a complaint of only two pa- 
tients and did not correlate with the degree of vocal 
fold paresis. 


On initial examination of the larynx, 11 of the 12 
patients demonstrated abductor paresis of the vocal 
folds. Two of these 11 patients had unilateral pare- 
sis when first examined but over time they both pro- 
gressed to bilateral abductor paresis. The longest 
follow-up was for three years and one patient did 
not develop paresis during this time. 


The typical pattern observed was a progressive 
inability to abduct the vocal folds in deep respira- 
tion. Thus, the resting and inspiratory positions of 
the folds remained the same. Over time the glottic 
opening typically became progressively narrower at 
maximum inspiration. Adductor motion was defi- 
nite!y present in early stages but necessarily became 
more difficult to assess as the resting position of the 
vocal folds approached the midline. Voice tapes 
were obtained when the patients were initially ex- 
amined and clinical impressions of vocal pathology 
corresponded with overall syndrome severity rather 
than abductor paresis. Six of the 12 patients even- 
tually required tracheostomy for chronic respira- 
tory failure. 


The more severely affected patients had marked 
weakness of the accessory respiratory musculature. 
Onlv one patient developed respiratory obstruction 
prior to exhibiting parkinsonian symptoms. Anoth- 
er patient had a glottic chink of only 2 mm but 
tolerated the glottic obstruction well due to no 
significant weakness of the accessory respiratory 
musculature. Limited movement of the soft palate 
and swallowing difficulty was noted in some cases. 


The patients who required tracheostomy were re- 
lieved of their respiratory failure and sleep apnea. A 
permanent skin-flap-lined stoma was used and was 
plugzed during the day, or a Tucker valve tube was 
used to allow the patient to speak. This was prefer- 
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TABLE 2. MEAN AND STANDARD DEVIATIONS OF MODE RATINGS OF SHY-DRAGER AND 
AGE- AND SEX-MATCHED PARXINSON PATIENTS 


anme rrene AA annaran A AAAA aa aama e ppMQ E MEE MEE LA LAM AAA o enean nce 


Shy-Drager Patients 


| Speech Attribute X SD 
Wet hoarseness 2.86 1.85 
Glottal fry 2.29 0.76 
Excess stress Li 0.76 
Rate 4,86 1.<6 


able to surgical abduction of the vocal cord, since 
these patients could communicate only by speech 
given their other neuromotor impairments associ- 
ated with SDS. 


Speech Findings. The intraclass correlation coef- 
ficients, a measure of inter-rater reliability in judg- 
ing the experimental tape recordings, are included 
in the appendix for each speech attribute. These 
were equal to or greater than 0.85 for every at- 
tribute except increasing rate which was taerefore 
omitted from further consideration. 


The mean mode ratings for each group oa the 19 
remaining attributes were submitted to two anal- 
yses of variance for each attribute: first, to compare 
the SDS patients with their age- and sex-matched 
controls; and second, to compare the SDS patients 
with age- and sex-matched hypokinetic parkinson- 
ian patients. 


The SDS patients differed significantly p< .05) 
from the normal controls on 9 of the 19 speech at- 
tributes. The means and standard deviations of 
each group along with the F statistics and their 
probabilities are presented in Table 1. SDS patients’ 
speech differed from normal controls in the follow- 
ing respects: their vocal quality was breathy, 
strained or strangled, too soft (low intensity) and 
reduced in stress with monopitch and mcnoloud- 
ness; they showed significant imprecision of conson- 
ants, variations of rate and rate-slowing. Taese lat- 
ter characteristics are those of a flaccid dysarthria 
associated with bulbar disease," and incluce symp- 
toms of both laryngeal and oral neurometor im- 
pairments. 


The SDS patients were also compared with age- 
and sex-matched parkinsonian patients to deter- 
mine how their vocal and speech symptoms differed 
from those of patients with dysfunction primarily of 
the nigrostriatal neuronal system. The two groups 
of patients differed significantly on four attributes. 
The means and standard deviations of each group, 
along with the F statistics and their probabilities for 
the four attributes, are presented in Table 2. The 
SDS patients’ ratings on vocal hoarseness end glot- 
tal fry (diplophonia) were more severe than the 
Parkinson patients. Their speaking rate was much 
slower with greater excessive and equal stress on 
each syllable than the Parkinson patients. 


The speech attributes where there were signifi- 
cant differences between the three groups are illus- 


Parkinson Patients 


X 7 SD ___F value* pofF č 
1.86 1.57 7.18 .03 
1.43 0.54 9.85 .02 
].80 0.00 7.18 .03 
7.86 2.21 15.21 .007 


treted in the Figure. Those attributes most im- 
paired in SDS included hoarseness, glottal fry, soft 
intensity, slow rate, variable rate and imprecise 
consonants. These symptoms suggest a flaccid type 
of dysarthria consonant with disease affecting both 
the nucleus ambiguus and the hypoglossal nucleus 
in the medulla. 


Finally, to determine which speech characteris- 
tics differentiate between the three groups, a step- 
wise discriminant function analysis (Mahal Meth- 
od was computed. Maximum separation with ei- 
genvalues of 2.27 and 0.91 and p values of .0001 
and .004 was obtained by combining three factors: 
strain-strangled voice quality, glottal fry and mono- 
pitch. However, greater separation was obtained 
between the three groups using the direct method of 
discriminant analysis which yielded eigenvalues of 
45.86 and 19.53 with p values of .002 and .037. 
This analysis included 16 of the 19 speech attributes 
and provided 100% separation between the three 
greups (SDS, parkinsonian, and normal controls). 


DISCUSSION 


Well over 100 cases with the spectrum of symp- 
toms which Shy and Drager correlated with multi- 
ple system pathology have now been described. The 
symptoms of autonomic failure, pyramidal disease, 
and cerebellar dysfunction have been associated 
wih pathology of the pigmented nuclei and in- 
cluding the dorsal motor nucleus of the vagus.* Two 
cases requiring tracheostomy have been previously 
reported,” ° 


Vocal fold function is affected to varying degrees 
in many cases of Parkinson disease and at least two 
cases have been described which progressed to glot- 
tic obstruction.'! This glottic obstruction was de- 
scribed as the result of vocal fold spasm. Vas'' con- 
cluded that the spasm was due to basal ganglion dis- 
eave. Cisler'? observed diminished vocal fold mobil- 
ity in one half of his postencephalitic Parkinson pa- 
tients. Schilling" described vocal fold "rigor" with 
dominance of the adductors. Parkinson himself re- 
ferred to a patient who, as described, "fetched his 
breath rather hard."'* Although we have observed 
involuntary glottic closure in postencephalitic Park- 
inson patients with possible tremor of the laryngeal 
muscles, patients with idiopathic hypokinetic 
parkinsonism, in our experience, display no in- 
voluntary closure. They often exhibit signs of 
marked rigidity of cricothyroid function, a high 
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Impaired 
Function Normal 





Wet Hoarseness 
Glottal Fry 
Strain Strangle 
Breathy 
Monoloudness 
Monopitch 
Reduced Stress eue 


Excess Stress 


intensity (too soft) 
Rate (too slow) 
Variable Rate 


imprecise Consonants 


A Normal Controls @ Parkinson Patients 


fundamental frequency and reduced range in fund- 
amental frequency. '* 


Vocal cord spasm was not seen in the SDS pa- 
tients involved in this study. Rather, the deficiency 
was a lack of abductor control. Although vocal fold 
function may be affected by the extrapyramidal 
and cerebellar disorders associated with SDS, the 
abductor paresis appears to be particularly charac- 
teristic and severe in this syndrome. All our patients 
had other evidence of vagal nuclei lesions as well. 


The apparently high incidence of glottic obstruc- 
tion seems to have been frequently overlooked in 
previous reports of SDS. One report described se- 
vere respiratory obstruction in two patients thought 
to be due to disturbance of the pneumotaxic center 
even though stridor was present.* The glottic ob- 
struction may have been overlooked due to weak- 
ness of respiratory musculature often seen in ad- 
vanced cases of SDS. 


Patients with poor laryngeal control due to cen- 
tral neurologic disease may be misdiagnosed as ex- 
hibiting vocal cord paralysis due to peripheral nerve 
involvement. Repeated examinations aided by cine 
or video documentation allows differentiation be- 
tween abnormalities associated with different foci 
of neurologic lesions. Patients with upper motor 
neuron disease involving lesions of the extra- 
pyramidal system and those with involvement of 
the cerebellar pathways have deficits in voluntary 
laryngeal control characterized by uncontrolled, 
slow or inappropriate movement — not by a lack of 


Impaired 
Function 





Complete 
Dysfunction 


Mean mode ratings for Shy-Drager patients, 
Parkinson patients and normal controls on 
the 12 speech attributes found to differ be- 
tween Shy-Drager patients and age- and sex- 
matched normal controls and Parkinson pa- 
tients. 


B Shy-Drager Patients 


movement. Only lower neuron lesions result in the 
complete absence of laryngeal movement. 


The motor fibers of the vagus nerve controlling 
laryngeal abduction arise in the nucleus ambiguus! 
and probably also the retrofacial nuclei of the 
medulla." Severe degeneration in the pigmented 
dorsal nucleus, the vagal parasympathetic center, 
has been described as characteristic in patients SDS? 
but there is little information on the specific pathol- 
ogy of the vagal centers supplying motor control to 
the laryngeal muscles. Degeneration in these nuclei 
with impaired extrapyramidal function is most like- 
ly responsible for vocal fold paresis and the poor 
palatal and pharyngeal control that characterize 
these patients. 


The presentation of unilateral abductor paresis in 
two patients later progressing to bilateral paresis is 
suggestive of a progressive lower motor lesion in the 
brainstem. The abductor neurons and adductor neu- 
rons may have anatomically separate origins in the 
motor nucleus of the vagus. Gacek's!* work in the 
cat indicates that the number of abductor fibers is 
approximately one half that of adductor fibers al- 
though this may not be the case in man. Thus dif- 
ferential involvement of abductor function could be 
the result of either a focal lesion of the abductor 
nuclei or diffuse involvement resulting in a relative 
sparing of adductor fibers. The characteristic find- 
ing of progressive abductor paresis in this syndrome 
would seem to indicate the latter possibility and is 
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more consistent with the diffuse involvement that 
has been described pathologically.* 


The involvement of abductor function with rela- 
tive sparing of adductor function resulted in certain 
characteristic impairments in speech production in 
these patients, when contrasted with patierts with 
hypokinetic Parkinson disease and normal controls. 
Vocal symptoms included a wet hoarseness and 
glottal fry or diplophonia. Glottal fry occurs at the 
low end of normal speakers' fundamental frequency 
range in association with reduced subglottal pres- 
sure. Thus either a loss in vocal cord tersion or 
respiratory impairment could account for ir creased 
occurrence of this type of phonation. The respira- 
tory musculature weakness of SDS patien:s could 
reduce subglottal pressure although a reduction in 
vocal cord tension could also account for ircreased 
glottal fry in these patients. Although vocal cord 
tension is primarily controlled by the crico-hyroid, 
stabilization of the arytenoids by both adductor and 
abductor muscle contractions may also be necessary 
for tensing the vocal folds. Although Guidi et al^ re- 
ported primary involvement of the posterier crico- 
arytenoid in all five Shy-Drager cases, they also re- 
ported invclvement of the only adductor muscle 
studied in two of their cases. Involvement of either 
the adductcr or abductor muscles or both may con- 
tribute to poor vocal cord tension in this syndrome. 
Hypokinetie parkinsonian patients frequently have 
breathy voices and poor pitch control but have full 
adductor and abductor motion’ and are without 
wet hoarseness or glottal fry abnormalities. 





The other symptoms associated with SDS, not 


ma na aar men 


found in Parkinson disease, included a slow speech 
rate, and an equal stress on all syllables. A more 
fine-grained analysis of speech-production timing is 
necessary to determine whether these symptoms are 
the result of extensive lower motor neuron disease 
affecting tongue, lip and palatal movement control,’ 
or due to vocal fold paresis alone altering speech 
rate. 


The remainder of speech impairments associated 
with SDS were found to be similarly impaired in 
Parkinson disease and, therefore, are most likely 
due to the extrapyramidal involvement in this dis- 
order. These included strained-strangled and 
breathy voice quality, imprecise consonants, mono- 
pitch, monoloudness, reduced stress and reduced 
intensity. Most of these symptoms imply impaired 
voeal cord adduction and rigidity of the tensor con- 
trcl musculature. 


In conclusion, both extrapyramidal and bulbar 
involvements were found to affect vocal control, al- 
though the symptom complexes were dissimilar. A 
previous study has reported the multiple dysarthric 
symptom complexes associated with SDS." How- 
ever, when this syndrome was compared with other 
forms of extrapyramidal disease, the additional 
vocal and speech symptoms due to brainstem pa- 
thology became apparent. The diagnosis Shy- 
Drager syndrome should be considered whenever a 
petient is referred with symptoms of orthostatic 
hvpotension, laryngeal stridor, restriction in range 
of vocal cord abduction either unilaterally or 
bilaterally, vocal hoarseness, intermittent diplo- 
pkonia and a slow speech rate. 


ACKNOWLEDGMENTS — The authors express their deep appreciation to Adrian Williams, MD, for performing the diagnostic neurological examina- 
tions of the patients included in this study. Appreciation s also expressed to Mattnew Melcon, Ms Laura Wilkoff and Ms Robin Richmond who served as 


trained listeners. 


REFERENCES 


l. Shy GM, Drager GA. A neurological syndrome associated 
with orthostatic hypotension: a clinical-pathologic sudy. Arch 
Neurol 1960; 2:511-27. 

2. Hughes RO, Cartlidge NEF, Millac P. Primary neurogenic 


orthostatic hypotension. J Neurol Neurosurg Psych atry 1970; 
33:363-71. 


3. Williaras A, Hanson D, Calne DB. Vocal cord paralysis in 
the Shy-Drager syndrome. J Neurol Neurosurg Psychiatry 1979; 
42:151-3. 


4. Bannister R, Oppenheimer DR. Degenerative diseases of 
the nervous system associated with autonomic faiure. Brain 
1972; 95:457-74. 

5. Spokes EGS, Bannister R, Oppenheimer DR. Multiple sys- 
tem atrophy with autonomic failure. J Neurol Sci 197%; 43: 59-82. 


6. Guidi GM, Bannister R, Gibson WPR, Payne |K. Laryn- 
geal electromyography in multiple system atrophy with auto- 
nomic failure. | Neurol Neurosurg Psychiatry 1981; 44:49-53. 

7. Darley FL, Aronson AE, Brown JR. Motor speech dis- 
orders. Philadelphia: WB Saunders, 1975. 

8. Vanderhagen JJ, Perier O, Sternon JE. Patho ogical find- 
ings in idiopathic orthostatic hypotension. Its relationship to 
Parkinson's disease. Arch Neurol 1971; 24:207-14. 


9. Roessmann U, Van Den Noorst S, McFarland OE. Idiopa- 


thie orthostatic hypotension. Arch Neurol 1977; 24:503-10. 


10. Israel RH, Marior. JM. Upper airway obstruction in the 
Shy-Drager syndrome. Ann Neurol 1977; 2:83. 


11. Vas C], Parsonage M, Lord OC. Parkinsonism associated 
with laryngeal spasm. J Neurol Neurosurg Psychiatry 1965: 
2& 401-3. 


12. Cisler J. Sur les troubles du language articule et de la 
phonation au cours de l'encephalite epidermique. Arch Int La- 
ryagol 1927; 33:1054-7. 


13. Schilling R. Experimentell-phonetische Untersuchungen 
bei Erkrankungen des extrapyramidalen Systems. Arch Psychiatr 
Nervenkr 1925; 75:419-71. 


14. Parkinson ]. An essay on the shaking palsy. Arch Neurol 
Psych 1922; 7:681-710. 


15. Canter GJ. Speech characteristics of patients with Parkin- 
son's disease. I. Intensity, pitch and duration. J Speech Hear Dis 
1963; 28:221-9. 

16. Haymaker WE. Localisation of lesions involving cranial 


ncrves IX through XII. In: Bing's local diagnosis in neurological 
diseases. 15th ed. St. Louis: CV Mosby, 1969:170-85. 


17. Gacek RR. Localization of laryngeal motor neurons in the 
kitten. Laryngoscope 1975: 85:1841-61. 


d: HANSON ET AL 
18. Gacek RR. Localization of adductor and abductor motor 18. Linebaugh C. The dysarthrias of Shy-Drager svnd 
uod fibers of the larynx. Ann Otol Rhinol Laryngol 1977; 86; Speech Hear Dis 1979; 44:55.60. Muy ger syndrome. J 
770-6. 
APPENDIX 





Attribute 





Harshness 
Inappropriate silences 
Variable rate 
Increasing rate 

Short rushes 

Nasality 


Uncontrolled pitch variation 
Uncontrolled loudness variation 


Wet hoarseness 
Glottal fry (diplophonia) 
Strain strangle 


Breathy 


Imprecise consonants 


Monopitch 
Monoloudness 
Reduced stress 
Excess stress 
Intensity 


Rate 
Pitch level 





DEFINITIONS OF SPEECH RATINGS 


Interclass Correlation 











Definition Coefficient 
Voice is harsh, rough and raspy 95 
Inappropriate silent intervals 99 
Rate alternates between slow and fast 99 
Rate becomes increasingly fast within connected speech NP 
Short rushes of speech separated by pauses 1.00 
Voice sounds excessively nasal. Excessive amount of air is 93 
resonated by nasal cavities 
Pitch of the voice shows sudden and uncontrolled variation .96 
(falsetto breaks) or waver and modulation of pitch 
Voice shows sudden, uncontrolled alterations in loudness, some- .97 
times becoming too loud or too weak 
Wet, liquid-sounding hoarseness .96 
Bubbly, crackling low pitched phenation .92 
Voice sounds like an effortful squeezing of voice through the .88 
glottis 
Breathy, weak, thin .96 
Consonant sounds are slurred, distorted, lack crispness and run .96 
into each other 
Voice lacks normal pitch and inflectional changes .93 
Voice lacks normal variations in loucness .96 
Speech shows reduction of proper stress on emphasis patterns .95 
Excess stress on usually unstressed parts of speech .86 
Intensity is either too low or too high in relation to a constant .99 
reference synthesized vowel 
Rate of speech is abnormally slow or too rapid .97 
Pitch of voice sounds consistently too low or too high for .99 


individual's age and sex. 
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ORGANIC ACIDS AND ANAEROBIC MICROORGANISMS 
IN THE CONTENTS OF THE CHOLESTEATOMA SAC 
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Organic acids in the contents of the cholesteatoma sac from 28 cases were studied by gas chromatographic technique. Five volatile fat- 
tv acids (acetate, propionate, isobutyrate, butyrate and isovalerate) and lactate were detected in large amounts, which may lower the pH 
of the cholesteatoma content. These acids were considered to be derived from products of anaerobic microorganisms. Therefore, the con- 
tents from 12 cases were cultured anaerobically in a gleve box. Obligate microorganisms were identified in 92% of the cases and Peptococ- 
cus, Bacteroides, and Clostridium species were frequertly isolated. In vitro, such obligate anaerobes produced various organic acids from 
the cholesteatoma content. Facultatives such as Staphysococcus aureus and Proteus mirabilis produced acetate in the content under aerobic 
and anaerobic conditions, whereas no organic acid was produced by Pseudomonas aeruginosa. Organic acids in the cholesteatoma content 
could be fermentative products made by the microorganisms, anaerobes and facultatives, which use the content as a substrate for acid pro- 


duction. 


INTRODUCTION 


The mechanism of bone destruction in cholestea- 
toma otitis has been discussed by many irvestiga- 
tors. Sadé et al! pointed out that the cellular and 
keratin debris in cholesteatoma is an ideal culture 
media for bacteria, and bone resorption associated 
with cholesteatoma is usually accompanied by bac- 
terial infection. Kaneko et al? examined the done re- 
sorption in cholesteatoma histologicallv, and found 
that the cholesteatoma content which escaped into 
the subepithelial layer through the rupture of cho- 
lesteatoma epithelium induced characteristic gran- 
ulation tissue in the subepithelial laver and that 
bone resorption occurred in the vicinity of zhe rup- 
ture site. Bernstein et al,? showed that cLolestea- 
toma tissue produced significant *Ca relezse from 
an embryonic bone during tissue culture, «nd sug- 
gested that a soluble product from a choles-eatoma 
is capable of caicium resorption of a bone, of osteo- 
clastic activation and of inhibition of bone synthe- 
sis. 


The contents of the cholesteatoma sac include 
keratin and lipids, such as cholesterol, phospholip- 
ids of epithelial origin and microorganisms. Takay- 
ama* analyzed the chemical composition of zhe cho- 
lesteatoma content and reported that the content in 
dry weight was composed of 40.5% protein and 
25.8 % lipid which included cholesterol, paospho- 
lipid, free fatty acid and neutral fat. Recently, 
Yuasa et al using the microcombination glass pH 
probe found that the cholesteatoma conterts from 
ten patients showed acidity ranging from pH 4.35 
to 6.85. They suspected that the cornified material 
might play an important role in bone destruction 
observed in cholesteatoma otitis. 


€ e —— 


On the other hand, it is well known that acids are 
essential for demineralization of hard tissue, eg, cit- 
ric and/or lactic acid in osteoclastic bone resorp- 
tion,*" or organic acids produced by oral microor- 
ganisms in dental caries.* The acidity in the choles- 
teatoma content mav also be due to the metabolic 
end-products of facultative and anaerobic microor- 
ganisms. More importantly, it is said that anaerobic 
microorganisms have the ability to produce various 
kinds of organic acids. 


in this study, the detection of organic acids and 
the identification of the anaerobic microorganisms 
in the cholesteatoma content were carried out, and 
the mechanism of acid production was investigated. 


MATERIALS AND METHODS 


Chemicals. We utilized the following materials in our study: 
Trvpticase peptone (BBL, Division of Becton, Dickinson & Co), 
brain heart infusion (BHI), (Difco), sodium acetate, sodium 
pyravate, sodium citrate, lithium lactate, isobutyric acid, 
isovaleric acid, valeric acid, isocapronic acid, capronic acid, suc- 
cinic acid and malic acid (Wako Pure Chemical Industries, 
Osaxa, Japan), and sodium propionate (Daiichi Pure Chemicals, 
Tokyo). 


Preparation of the Cholesteatoma Content. Cholesteatoma 
tissue was obtained from 28 patients at the time of surgery. Each 
content of cholesteatoma was carefully separated from the sur- 
rounding tissues, such as epithelia, granulations and bones, and 
after measuring its wet weight, it was homogenized with distilled 
water or with 0.9% NaCl solution (the concentration was about 
100-200 mg wet weight of the content). 


Assay of Organic Acids in the Cholesteatoma Content. Volatile 
fatty acids (C;- Cs), ao, ardege. alcohols (C;- Cs), lactate, 
dure on a chromosorb 101 at 200°C wW ith a flame ionization de 
tor and showed a single peak.’ In our investigation, pyruvate, 
citrate and malate also gave a single peak using this method. To 
acidify the homogenized sample, one-ninth volume of 25% 


From the Department of Otolaryngology, Tohoku University School of Medicine, Sendai, Japan. 
REPRINTS — Yukiko lino, MD, Department of Otolaryngology, Tohoku University Schcol of Medicine, 1-1, Seiryocho Sendai-Shi, Japan 980. 


91 


92 IINO ET AL 


TABLE 1. VOLATILE FATTY ACIDS 
IN CHOLESTEATOMA CONTENT (N - 28) 


mtr M re ra: 


] No. of Cases Range* Mean" 
Acetate 23 0-138.0 17.5 
Propionate 16 0-13.0 2.6 
Isobutyrate 9 0-6.3 l.i 
Butyrate 15 0-22.0 4.1 
Isovalerate 6 0-13.0 0.9 


*nmol/mg wet weight of the cholesteatoma content. 


(wt/vol) metaphosphoric acid solution was added,'? and after 
centrifugation, 5 ul of the supernatant of the sample was injected 
directly into the column of gas chromatograph. The peaks of the 
chromatograms can be determined qualitatively and quantita- 
tively in comparison with a known amount of the standard solu- 
tion. 


Identification of Anaerobic Microorganisms in the Cholestea- 
toma Content. The cholesteatoma contents were obtained from 
12 patients at the time of surgery. The content was immediately 
placed in a screw-capped tube filled with CO, and H,, and the 
tube was transported into the anaerobic glove box in an atmos- 
phere of 10% CO, and 10% H; in nitrogen." The following pro- 
cedures were done in the anaerobic globe box. The content was 
homogenized with 0.9% NaCl solution, and a serial 10-fold dilu- 
tion was made from the homogenate. Subsequently, 0.1 ml of 
each dilution was spread over the duplicated BHI-yeast extract 
blood agar plate, and cultured at 37?C under anaerobic condi- 
tions. The anaerobic microorganisms were isolated and purified, 
and the obligate anaerobes were identified by the methods of 
Holdemann and Moore." 


Organisms for Incubation with the Cholesteatoma Content. 
Pseudomonas aeruginosa, Staphylococcus aureus, and Proteus 
mirabilis, obtained at the central laboratory, Tohoku University 
Hospital, were isolated from the lesion of cholesteatoma otitis via 
the external auditory canal, and cultured in peptone yeast glucose 
(PYG) broth at 37°C under aerobic conditions for about 24 hours. 
Among the anaerobic bacterias isolated from the cholesteatoma 
content as previously described, Bacteroides melaninogenicus and 
Clostridium difficile were selected for culture in BHI broth at 
37°C for 24 to 48 hours under anaerobic conditions. 


Assays of Bacterial End-products in Incubation with the Chol- 
esteatoma Content. Microorganisms of each species were washed 
twice with 0.9% NaCl] solution and resuspended with the same 
solution to give a turbidity of 30 at 660 nm. The contents, homo- 
genized with 0.9% NaCl solution, were frozen and stored at 
— 20°C until the study was performed. 


The reaction was started by mixing 150 ul of the bacterial sus- 
pension, 250 „l of homogenized content, and 50 ul of 0.1M 
potassium phosphate buffer solution (pH 7) containing 10 mM 
MgCl,. For controls, either a bacterial suspension or a homogen- 
ized content was replaced by an identical amount of 0.9% NaCl 
solution. The reaction mixture containing P aeruginosa, S aureus 
and P mirabilis, was incubated in a 10 ml Erlenmyer flask, shook 
in the water bath at 37°C under aerobic conditions, and the reac- 
tion was stopped at 0, 15, and 30 minutes to add 50 yl of 25% 


TABLE 2. CULTURE RESULTS (N = 12) — 


No growth 0 
Facultatives present 11 





Anaerobes present 11 
Species 1 
Species 2 
Species 3 
Species 4 
Species 5 

Both present 10 


— Se GO 0D 


TABLE 3. ANAEROBIC MICROORGANISMS ISOLATED 
FROM CHOLESTEATOMA CONTENT 


te rr tta tA nnd bre LE Natt 





Gram-positive cocci 
Pc magnus 
Pe saccharolyticus 
Pe morbillorum 
Pe niger 
Ps micros 


promt e d BD 


Gram-negative cocci 
Veillonella 2 
Gram-positive rods 
C difficile 
C sp* 
E tortuosum 
P acnes 


Cram-negative rods 
B melaninogenicus 
B coagulans 1 
Fusobacterium sp* 1 


* Species not identified. 


metaphesphoric acid solution to the mixture. The reaction mix- 
ture containing S aureus, P mirabilis, B melaninogenicus and C 
difficie was initiated in a 10 ml screw-capped tube placed in the 
thermostated brock heater of 37°C in the anaerobic glove box. 
The reaction was stopped at 0, 3, and 6 hours, to add metaphos- 
phoric aeid as mentioned above. All of the reaction mixtures were 
centrifuged and the supernatant fluids were analyzed for detec- 
tion c£ organic acids by gas chromatographic procedure as pre- 
viousiv described. 


RESULTS 


Organic Acids in the Cholesteatoma Content. 
The composition of the volatile fatty acids in the 28 
samples studied are shown in Table 1. Five kinds of 
volatile fatty acids, acetate (C,), propionate (C3), 
isobutyrate (C4), butyrate (C4), and isovalerate (Cs) 
were identified in these samples. Lactate (nonvola- 
tile fatty acid) was detected in only one sample. 
Acetate was identified in 23 samples out of 28 and 
its content tended to be greater than that of the 
other acids. Propionate and butyrate were detected 
in more than half of the samples, and isobutyrate 
and isovalerate existed in some samples. Other vola- 
tile fatty acids (valerate, isocapronate and capron- 
ate). and nonvolatile fatty acids, (succinate, pyru- 
vate, citrate and malate) were not detected. 


Obligate Anaerobes in Cholesteatoma Content. 
Anaercbic microorganisms were isolated from 11 
patients out of 12 (92%), and facultatives were also 
detected in 11 patients (92%). None of the samples 
was free from the microorganisms, and in ten pa- 
tients (83%), both anaerobes and facultatives were 
present (Table 2). The number of organisms in each 
sample identified varied between 1-5 species, and in 
half of the patients, only one species of anaerobes 
could be identified. Table 3 shows species of the 
anaerobic microorganisms identified from the 12 
patients in this study. Peptococcus sp were most fre- 
quently isolated followed by Bacteroides sp. B mel- 
aninogenicus was isolated from three cases. 
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Fig. 1. Cencentration of volatile fatty acids in reaction 
1nixture of bacterial suspension and homogenized content 
lotted against incubation time. Pseudomonas aeruginosa 
aerobic). 9 - Acetate; L] - Butyrate. 
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Bacterial End-products after Intubation with the 
Cholesteatema Content. Figures 1-5 show the time 
course of volatile fatty acid concentrations in the 
reaction mixture in which the bacterial suspensions 
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were incubated with the homogenate of the choles- 
teatoma content under aerobic and/or anaerobic 
conditions at 37°C. When P aeruginosa was incu- 
bated with the content, acetate and butyrate which 
had been present before incubation decreased grad- 
ually in quantity (Fig. 1). In the incubation of S 
atreus, acetate was produced under both aerobic 
aed anaerobic conditions, and isovalerate also 
slightly increased in the reaction mixture (Fig. 2A, 
B.. Acetate was produced by P mirabilis in a fairly 
large amount under both aerobic and anaerobic 
cenditions, while propionate and butyrate were 
slightly reduced in quantity (Fig. 3A,B). 


Figure 4 shows that B melaninogenicus produced 
four kinds of volatile fatty acids, acetate, pro- 
pionate, isobutyrate, and isovalerate, from the ho- 
mogenized content under anaerobic conditions, and 
that the concentration of butyrate which had been 
present in the content prior to incubation stayed 
aimost the same. The end-products of C difficile 
from the content included a combination of pro- 
pionate, isobutyrate, butyrate, isovalerate, valer- 
ate, isocapronate and a great amount of acetate 
(Fig. 5). 


In the two control studies, ie, when either bacter- 
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Fig. 2. Time course of concentrations (see Fig. 1 legend). Staphylococcus aureus. A) Aerobic; B) Anaerobic. A - Isovalerate. 
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Fig. 3. Time course of concentrations (see Fig. 1 legend). Proteus mirabilis. A) Aerobic; B) Anaerobic. © - Propionate. 


ial suspension or the homogenized content was 
omitted from the reaction mixture, none of the or- 
ganic acid was produced within the reaction time. 
Before the incubation, the reaction mixture con- 
tained volatile fatty acids such as acetate and 
butyrate (as shown in Table 1). To verify that cer- 
tain particular microorganisms produce the same 
acids from the contents of different origins, two 
completely independent incubations were carried 
out for each of five kinds of bacterial suspensions 
under both aerobic and anaerobic conditions. The 
results of these two experiments were in complete 
agreement with those of our previously mentioned 
experiments. 


DISCUSSION 


In the content of the cholesteatoma sac, five kinds 
of volatile fatty acids (C;-C;) and lactate were de- 
tected in fairly large amounts, and these acids might 
be enough to lower the pH of the cholesteatoma 
content as pointed by Yuasa et al.* For example, 
aqueous solutions of acetic or butyric acid at the 
concentration of 10 nmol/mg H:O and 1 nmol/mg 
H;O would show about pH 3.4 and 3.9 respectivelv. 
In this study, the acids were detected in the choles- 
teatoma contents in amounts of at least 2 nmol/mg 
wet weight. Yuasa et al,* could not obtain such a 
low pH in the cholesteatoma content. Hydrogen ion 


in the content, therefore, would be buffered with 
other substances such as amino acids present in the 
content. 


These organic acids seem to have two possible ori- 
gins: one may be the end-products of microorgan- 
isms in the cholesteatoma content and the other 
may originate from the cholesteatoma epithelium. 
The cholesteatoma content is not composed of living 
cells but cell debris, which seems to be unable to 
produce volatile fatty acid, although it is often ac- 
companied with bacterial infection. Pseudomonas 
sp, Proteus sp and S aureus were frequently isolated 
via the external auditory canal in the previous study.” 
In the present study, anaerobes and/or facultatives 
were found in all cases. It is well known that some 
of the anaerobic bacteria which were detected in 
the content have the ability to produce various 
kinds of organic acids from the culture mediums. 
Therefore, this characteristic is utilized for the 
identification of anaerobic microorganisms. For ex- 
ample, C difficile produces acetate, propionate, 
butyrate, isobutyrate, valerate, isovalerate, isocap- 
ronate. lactate, and formate from the culture medi- 
um such as PYG and BHI broth. Propionibacterium 
acnes produces acetate and propionate, and B mel- 
aninogenicus ss asacchalolyticus produces acetate, 
butyrate, isobutyrate and isovalerate. Peptococcus 
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Fig. 4. Time course of concentrations (see Fig. 1 legend). 
Bacteroides melaninogenicus (anaerobic). B - Isobutyrate. 


prevotti produces acetate and butyrate, and fur- 
thermore, butyrate is also produced by many anaer- 
obes such as Fusobacterium sp and Eubacter ms sp. 
Facultative microorganisms, eg, S aureus and P 
mirabilis usually produce acids such as acetate 
and/or lactate from carbohydrates under bota aero- 
bic and anaerobic conditions. The incubations in 
this study showed that the cholesteatoma content 
could also serve as the substrate for acid-produc- 
tion, at least in vitro, by some of the microorgan- 
isms. 


Although it is generally accepted that sugars such 
as glucose can be used as the principal nutrient for 
almost all microorganisms, the carbohydrates in the 
cholesteatoma content may not be suitable for the 
nutrients for the micrcorganisms, because tle car- 
bohydrates in the content may not be in the forms of 
sugar such as glucose, fructose and maltose, but in 
those of glycoproteins and glycolipids orig nated 
from epithelial membranes. When the concentra- 
tions of carbohydrates and proteins in the reaction 
mixture of B melaninogenicus and the chobestea- 
toma content were assayed before and after the in- 
cubations, the concentrations of carbohydrates did 
change denice yoy M. ue of pipiens 
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Fig. 5. Time course of concentrations (see Fig. 1 legend). 


Clostridium difficile (anaerobic). ó 
I:ocapronate. 


- Valerate; & 


migat contribute to the source of volatile fatty 
acics. 


Lactate, which plavs the most important role in 
demineralization of dental enamel,’ was identified 
in only one sample out of 28 examined. It may be 
possible that the lactate-consuming microorganisms 
such as Veillonella'^ or Propionibacterium,'5 which 
were actuallv isolated in our study, used the lactate 
up, or that the content is not suitable for the pro- 
duction of lactate. 


In this study, anaerobic microorganisms were 
identified in 11 patients out of 12 (92%), and this 
resu't showed the fact that anaerobes were found to 
be considerably more common in cholesteatoma 
thamhas been previously reported. Tanahashi et al'* 
isolated anaerobes from 3 cases out of 19 of choles- 
teatema (17%), and Harker et al" found them in 
the cholesteatoma tissue of two thirds of 30 cases. 
Bacteriodes sp and Peptococcus sp were frequently 
identified and the similar kinds of anaerobes were 
also isolated as reported by Harker et al. The main 
reascn for the high isolation rate of obligate anaer- 
obes in this studv may be due to the use of the an- 
aerobic glove box, and to the improvement of cul- 
ture e erg It is natural that the anaerobes were 
frequently found in the cholesteatoma sac because it 
lacksenough blood supply and air ventilation, how- 
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ever, obligate aerobic bacteria, such as Pseudo- 
monas sp required oxygen to resolve the substrate 
completely to water and carbon dioxide present at 
the site near the external auditory canal. 


The organic acids and anaerobic microorganisms 
detected in the cholesteatoma content may play an 
important role in the bone resorption in cholestea- 
toma otitis when the content flows into the subepi- 
thelial layer, through the rupture of the choleatea- 
toma epithelium.’ Some of the microorganisms in 
the content were reported to contain the factors 
causing bone resorptions, ie, endotoxins contained 
in the cell walls of Gram-negative bacteria such as 
Fusobacterium, Veillonella and Bacteroides.* and 
lipoteichoic acid which is found in the cell walls of 


— — —— — 


mary Gram-positive bacteria.'? Collagenase and 
proteolytic enzyme of Clostridium sp and B melan- 
inogenicus^ may also contribute to the bone resorp- 
tion. Osteoclast activating factors through immuno- 
logical response to some microorganisms are also re- 
ported.?^' Organic acids may induce not only the in- 
flammation of the soft tissue, but also the deminer- 
alization of the bone, because of their acidity. In 
this study, we detected the organic acids in the cho- 
lesteatoma content and showed that these acids 
couid be the fermentative products of the microor- 
ganisms, anaerobes and facultatives, which utilized 
the components of the contents, perhaps some pro- 
teins. However, further investigation is necessary to 
determine whether or not the cholesteatoma con- 
tent directly causes bone resorption and what com- 
ponent plays the actual role in bone resorption. 
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PATHOLOGY CONSULTATION 


PRIMARY SQUAMOUS CELL CARCINOMAS 
OF MAJOR SALIVARY GLANDS 


JGHN G. BATSAKIS, MD 


Houston, TEXAS 


Primary squamous cell carcinomas of the major (parotid and submancibular! salivary glands are uncommon neoplasms. Statistics 
contrary to that statement are tainted by the inclusion o mucoepidermoid carcinomas and, in the instance of the parotid gland, by meta- 
static carcinomas. The true frequency is less than 1% ef all tumors in the parotid gland and approximately 4% for the submandibular 


gland. 


The misconception that primary squameus cell 
carcinomas of the major salivary glands are rela- 
tively common neoplasms is taking time to correct.’ 
In any event, it is now quite clear that tne car- 
cinoma is unusual, especially in the parotid g.and.” * 
Table 1 presents a more accurate representation of 
the incidence of primary squamous cell carcinoma 
in the parotid gland. It should be further appreci- 
ated that the collective incidence is muck lower 
than the estimated 1.5% given for metastases to the 
parotid gland from squamous cell skin cancer of the 


head and neck.? 


Reasons for the falsely raised incidence re ate ex- 
clusively to misclassification and misdiagnosis. For 
the former, inclusion of mucoepidermoid carcino- 
mas (especially high-grade mucoepidermoic carci- 
nomas) is responsible. Misdiagnoses include muco- 
epidermoid earcinoma, foci of squamous metapla- 
sia, and metastases. 


All, or nearly all, of the acceptable primary squa- 
mous cell carcinomas of the parotid gland have 
been well or moderately well-differentiated neo- 
plasms.' This histologic feature should serve to assist 
in distinguishing them from high-grade mucoepi- 
dermoid and metastatic carcinomas. 


Local recurrence and regional lymph node me- 
tastases are the usual outcome for patients with pri- 
mary squamous cell carcinoma of the parotid 
gland.* Distant metastases are not common. 


Primary squamous cell carcinomas of the sub- 
mandibular gland, although more numero is, are 
also not common when compared to other primary 
salivary gland neoplasms of that gland.* Table 2 
presents the incidence of primary squamous cell 
carcinomas in the submandibular gland as reported 
in several series. "^ 


In contrast to the parotid gland, intraglandular 


aman wen vaw mee 


metastases to the submandibular gland should not 
be a source of serious differential diagnostic dif- 
ficulties since such a spread is unusual. Metastases 
to the regional lymph nodes from the primary squa- 
mous cell carcinoma are manifested in over two 
thirds of the cases. 


Menticn has been made above concerning the 
rarity of intraglandular metastases to the subman- 
dibalar gland. Dockerty and Mayo" found that in 
500 cases of so-called submandibular malignancy 
80% were metastatic lesions, usually squamous cell 
careinomas drained by submandibular lymph 
noces. The metastases were not to the subman- 
dibular gland proper but rather to the several 
groups of submandibular nodes. All of the nodes lie 
external to the submandibular gland itself. Even the 
disputed intracapsular group of nodes very likely 
should be included with the retroglandular group. 


Existence of normal lymphoid tissue and intra- 
glandular lymph nodes is denied by most authorities 
and it is the absence of such tissue that is responsible 
for the paucity of lymphatic metastases to the sub- 
mandibular gland.'* The immunity to metastases 
extends aiso to hematogenous involvement. Abram- 
son® could find only two such cases in a literature 
review that extended from 1857 to 1969. 


Extension of neoplastic disease from contiguous 
primary neoplasms or lymph nodes with metastases 


TABLE 1. INCIDENCE OF PRIMARY SQUAMOUS 
CELL CARCINOMA OF THE PAROTID GLAND 


ra a t E AAT rm i i e e e a a a a aa Paru Tu ure ir e RE i e Y Me a n S i ea T t irr e rari ar rer n a rrr errem 


rer hey Po st Ro IRR AR anaman aa nanaraman n me e E PIRATE 


Primary 
Parotid Tumors Squamous Cell 
I UC E eee -H 
Batsakis et al! 580 2 (0.3%) 
Eneroth? 2,158 7 (0. 2 ) 
Woods et a? 1.360 — (1.5%) 
Spire et al* 1.875 10 (0.595) 


From the Department of Pathology and Laboratory Medicine, Maine Medical Center, Portland. 
REPRINTS — John G. Batsakis, MD, Chairman, Department of Pathology, M. D. Anderson Hospital, Texas Medical Center, Houston, TX 77030. 
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TABLE 2. INCIDENCE OF PRIMARY SQUAMOUS CELL 
CARCINOMA OF THE SUBMANDIBULAR GLAND 


Primary 
Submandibular Gland Squamous Cell 


Investigators Tumors Reported Carcinomas Reported 


Spiro et al 217 15 (7.0%) 
Eneroth et al* 187 11 (6.0%) 
Simons et al? 128 3 (2.4%) 
Conley et al'? 115 4 (3.5%) 
Trail and 

Lubritz!! 58 2 (3.596) 
Rafla" 35 1 (3.0%) 


are the most likely reasons for the finding of 
malignancy within the parenchyma of the subman- 


dibular gland. Even these events are unusual. 


SUMMARY 


Primary squamous cell carcinomas of the parotid 
gland and submandibular gland, if properly dis- 
tinguished from mucoepidermoid and metastatic 
carcinomas, are among the most uncommon of pri- 
mary carcinomas of the major salivary glands. In 
the instance of the parotid gland, the frequency of 
metastatic squamous cell carcinoma exceeds the in- 
cidence of primary squamous cell carcinoma. In the 
submandibular gland, because of the paucity of in- 
traglandular lymph nodes, metastases to the gland 
are rare. 
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sicas. M. Móller, MD, PhD; A. Maller, PhD. 


The Evaluation of the Auditory System — Where Are We in 
1853? D. E. Brackmann, MD. 


AMERICAN LARYNGOLOGICAL ASSOCIATION 


April 10-11, 1988 


Objective Measurement of Voice Pathology. D. C. Hanson, MD; 
B. R. Gerratt, PhD; P. H. Ward, MD. 


Objective and Quantitative Screening of Vocal Cord Function. E. 
Rontal, MD; M. Rontal, MD; H. J. Jacob, MD; M. Rolnick, 
PhD. 


Videolaryngoscopy — A Comparison of Fiberscopic and Tele- 
scopic Documentation. E. Yanagisawa, MD. 


Muscle Tension Laryngopathy. M. D. Morrison, MD. 


Three-Dimensional Computer Reconstruction of the Neuromus- 
cular Junctions of the Thyroarytenoid Muscle. M. Rosen, MD; 
L. T. Malmgren, PhD; R. R. Gacek, MD. 


Voice Change in the Pediatric Patient: A Differential Diagnosis. 
S. R. Cohen, MD. 


Baker Lecture — Orientation in Flight. R. Malcolm, PhD. 


Objective Measurement of Endotracheal Tube Pressures Exerted 
on Laryngeal Structures. E. A. Weymuller, Jr, MD; M. J. Bi- 
shop, MD; A. Hibbard, MD. 


Lack of Efficacy of Systemic Antibiotics and Steroids for Acquired 
Subglottic Stenosis in a Canine Animal Model. J. S. Supance, 
MD; W. J. Doyle, PhD; J. S. Reilly, MD; C. D. Bluestone, 
MD; J. Hubbard, MD. 


Congenital Laryngeal Hemangiomata. B. Benjamin, OBE, 
FRACS, DLO; P. Carter, MD. 


Further Observations on Interferon (IFN) Treatment of Recur- 
rent Respiratory Papillomatosis (RRP): A Comparison of Fin- 
nish Blood Bank and New York Blood Bank Products. R. B. 
Sessions, MD; H. Goepfert, MD; J. U. Gutterman, MD. 


Teflon Injection of the Vocal Cord: Complications, Error and 


Precaution. R. B. Lewy, MD. 


Vocal Ligament Tightening — Early Experiences. F. E. LeJeune, 
Jr. MD. 


Hosmer A. Johnson — A Life to Remember. S. A. Friedberg, MD. 


Research Speaker: Can Functional Dysphonia be Investigated? 
W. H. Perkins, PhD. 


Training Singing Children During Prepubertal, Pubertal and 
Acelescent Phases of Voice Mutation: An Applied Physiologic 
Seven-Year Study Including 175 Children. I. M. Blatt, MD; C. 
Astraquillo, Mus D. 


Laryngeal Nerve Crush for Spastic Dysphonia. H. F. Biller, MD; 
M. L. Som, MD. 


Effects of Stomach Acid on the Larynx. N. R. Olson, MD. 


Muscular Transposition as a Method of Laryngeal Rehabilitation. 
G. D. Neal, MD; M. Stearns, FRCS; R. Trachy, BS; C. W. 
Cummings, MD. 


Panel on Organic Voice Disorders. H. H. Dedo, MD, Moderator; 
G. A. Gates, MD; W. Perkins, PhD; H. von Leden, MD; C. 
W. Vaughan, MD. 


Intraiaryngeal Release for Trachea! Anastomosis. M. E. Sachs, 
ME; J. Conley, MD; D. Rabuzzi, MD. 

The Radiated Larvnx — A Surgeon's Dilemma. J. S. Lewis, MD; 
T. Kusonruksa, MD. 


Preoperative Irradiation and Surgery for Carcinoma of the Base 
of the Tongue. S. E. Thawley, MD; J. R. Simpson, MD; J. E. 
Marks, MD; C. A. Perez, MD. 


Adenoid Cystic Carcinoma of the Subglottic Region. D. T. Dono- 
van. MD; J. J. Conley, MD. 


AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 


April 11-13, 1983 


Chevalier Jackson Lecture: Congenital Laryngeal Webs. B. Ben- 
jamin, FRACS. 


Vocal Cord Paralysis Following Intubation. N. L. Cohen, MD; J. 
Cohen, MD. 


Laryngeal Trauma from Short-Term Intubation. J. H. Dickens, 
MD; S. B. Peppard, MD. 


A Comparison of Tracheal Damage from Laser-Ignited Endotra- 
cheal Tube Fires. R. H. Ossoff, DMD, MD; J. A. Duncavage, 
MD; T. S. Eisenman, MD: M. S. Karlan, MD. 


Insufflation Anesthesia for Laser Laryngoscopy. T. J. Reichert, 
MD; T. Johans, MD. 


Case Study: Laryngeal Amyloidosis and Laryngocele. J. A. 
Schild, MD; M. F. Mafee, MD; V. T. Grybauskas, MD. 


Sudden Suffocation due to Large Pedunculated Laryngeal Polyp. 
E. Yanagisawa, MD; ]. Hausfeld, MD. 


Gian: Intraluminal Polyps of the Esophagus. D. P. Vrabec, MD; 
T. €olley, MD. 


Management of Benign Zenker's Diverticulotracheal Fistulae. C. 
W. Senders, MD; R. W. Babin, MD. 


Pneumatic Dilatation as the Primary Treatment for Achalasia. 
]. & Jacobs, MD; N. L. Cohen, MD; S. Mattel, MD. 


Rehailitation of Deglutition After Stroke. H. J. Heimlich, MD. 
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New Instruments: 
New Dilatation Tracheoscope. E. T. Edens, MD. 


Bidirectional Flow Valve to Reduce Mechanical Dead Space 
and Adapted to Monitor Gas Pressures in Bronchoscopy of 
Premature Infants and Neonates. L. Barcliff; J. ?. Dudley, 
MD. 


A New Posterior Commissure Laryngoscope for CO; Laser Sur- 
gery. R. H. Ossoff, DMD, MD; M. S. Karlan, MD; C. A. 
Sisson, MD. 
Research Speaker: The Utility of Bronchoalveolar Lavage in the 
Diagnosis of Interstitial Lung Disease. W. J. Martin, MD. 


The Value of Flexible Fiberoptic Bronchoscopy Witheut Fluoro- 
scopy in the Diagnosis of Lung Cancer. F. Nagasazi, MD; N. 
Martini, MD. 


Transbronchial Needle Biopsy for Diagnosis and Staging of Bron- 
chogenic Carcinoma. K-P Wang, MD. 


The Salivary Scan and Postoperative Fistulization. Lt Col R. K. 
Newman, USAF, MC, MD: Lt Col F. L. Weiland, USAF, 
MC, MD; Col P, R. Rosen, USAF, MC, MD; J. T. Johnson, 
MD; L. W. Gumerman, MD. 


Panel, State cf the Art — Bronchoscopic Therapy. L. P. Faber, 
MD, Chairman; D. Cortese, MD; N. Martini, «MD; J. H. 
Harrell, MD; S. Strong, MD. 


Larvngeal Spaces. L. W. Welsh, MD. 


Tracheostomy in the Morbidly Obese Patient: Problems, Pit- 


falls and a New Tube Design. C. P. Kimmelman, MD; M. C. 
Vidas, MD. 


The Role of Esophagoscopy in the Evaluation of Patients with 
Head and Neck Cancer. J. A. Duncavage, MD; T. W. 
Grossman, MD; R. H. Lehman, MD; T. C. Malin, MA; R. J. 
Toohill, MD. 


Bronchoscopv as an Effective Tool in the Evaluation of Head and 


Aertic Wheeze: A Unique Aortic Arch Anomaly Causing Inter- 
mittent Tracheal Compression. J. Buckwalter, MD; C. Sasaki, 
MD; G. Kopf, MD; W. Hellenbrand, MD; C. Kleinman, MD. 


Tsacheobronchial Compression in Acvanotic Congenital Heart 
Disease. N. T. Berlinger, MD, PhD; C. Long, MD; J. Foker, 
MD; R. V. Lucas, Jr, MD. 


Cengenital Laryngeal Atresia: Histopathologic Study of Two 
Cases. C. S. Karmody. MD; P. Woo, MD. 

Traumatic Hypopharyngeal Pseudodiverticulum in Neonates. J. 
$. Supance, MD; S. E. Stool, MD. 

Uausual Presentations of Penetrating Foreign Bodies of the 
Aerodigestive Tract, K. Remsen, MD; W. Lawson, MD, DDS; 
H. F. Biller, MD; M. L. Som, MD. 


B£ateral Pneumothorax as the Outcome of the Bronchoscopic 
Removal of the Fruit of a Puncture Vine. J. P. Dudley, MD. 


Ten-Year Review of Tracheotomy. P. Carter; B. Benjamin. 
Difficult Laryngoscopy/Intubation: The Child with Mandibular 
Hyperplasia. S. D. Handler, MD. 


Pediatric Endoscopy — Ask the Expert Panel. G. Healy, MD, 
Chairman. 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL SOCIETY, INC. 


April 12-14, 1983 


Radiographic Diagnosis of Acoustic Neurinoma. S. #3. Harner, 
MD: D. F. Reese, MD. 


New Studies in the Central Auditory Nervous System Indicate 
How it is Altered After Central or Peripheral Damage and by 
Experience. M. M. Merzenich, PhD. 


Preoperative CT Scan Evaluation for Laryngeal Carciaoma: Cor- 
relation with Pathological Findings. L. A. Hoover, MD; T. C. 
Calcaterra, MD; G. A. Walter, MD; S. G. Larrso3a, MD. 

Ear Disease Among Navajo— A Mass Survey. S. M. Nelson, MD. 

Capsular Significance in Parotid Tumor Surgery. D. T. Donovan, 
MD; J. J. Conley, MD. 

Infectious Disease of the Sphenoid Sinus. J. Standefer, MD; G. R. 
Holt, MD; G. A. Gates, MD. 


Panel: Acoustic Neurinoma Diagnosis and Management. W. F. 
House, ME: R. A. Schindler, MD; M. E. Glasscock, MD. 


Mondini’s Dysplasia: A Report of Fifteen Cases. D. W. Goin, 
MD; M. Weaver, MD; R. E. Mischke, MD. 
Cinegraphic Observations of Vocal Dysfunction in Parkinson's 


Disease. D. G. Hanson, MD; B. R. Gerratt, PhD; F. H. Ward, 
MD. 


Explosive Life-Threatening Infections of the Neck. 4. J. Beck, 
MD: J. R. Salassa, MD; T. V. McCaffrey, MD. 

Radiographic Findings in Progressive Necrotizing (Malignant) 
External Ctitis. S. D. Gold, MD; P. M. Som, MD; F. E. 
Lucente, MD; W. Lawson, MD, DDS: S. C. Pariser, MD. 


Laser Submueosal Resection of Subglottic or Tracheal Scar with 
Micro-Trapdoor Flap. H. H. Dedo, MD; C. D. Seay, MD. 


Incidence of Hypothyroidism Following Multimodszlitv Treat- 


ment for Advanced Squamous Cell Carcinoma of the Head and 
Neck. M. R. Posner, MD; T. J. Ervin, MD; D. Miller, MD; R. 
L. Fabian, MD; C. R. Norris, Jr, MD; R. R. Weichselbaum, 
MD; C. Rose, MD. 


Retropharyngeal Abscess — A Ten Year Experience. C. F. Koop- 
mann, Ir, MD: C. A. Barratt, MD; S. W. Coulthard, MD. 


Aaatomical-Physiologicai Correlations in the Vestibular Nerve of 
the Bullfrog. V. Honrubia, MD; S. T. Sitko; R. Lee; I. R. 
Schwartz, PhD. 


Panel: Chemotherapy in Head and Neck Malignancy. D. Miller, 
MD. 


Ctolaryngological Brain Abscess Therapy — Past and Present. B. 
Brand. MD; R. J. Caparosa, MD; L. G. Lubic, MD. 


Selective Management — Tı Cancer of the Glottis. D. Blakeslee, 
MD; S. M. Shapshay, MD; G. T. Simpson, MD: C. W. 
Vaughan, MD; M. S. Strong, MD. 


The Role of the Mastoid in Tympanic Membrane Reconstruction. 
R. K. Jackler, MD; R. A. Schindler. MD. 


Auto-Immunity and Inner Ear Disorders. J. E. Veldman, MD, 
PhD; J.J. Roord, MD; A. F. O'Connor, FRCS; J. J. Shea, MD. 


Ctosclerosis Versus Otospongiosis: Sequence of. C. Parahy, MD; 
F. H. Linthicum, ]r, MD. 


Irjectable Collagen in Laryngeal Rehabilitation. C. N. Ford, 
MD; D. W. Martin, MD. 


Tne Reliability of Frozen Section Diagnosis of Head and Neck 
Neoplasms. K. A. Remsen, MD; F. E. Lucente, MD: H. F. 
Biller, MD. 


Panel — Thyroid Disease. Jerome Goldstein, MD. 


INSTRUCTIONS TO AUTHORS 


Send manuscripts by first class mail to Editor Brian F. Mc- 
Cabe, MD. Department of Otolaryngology-Head and Neck 
surgery, University of Iowa Hospitals, Iowa City, IA 


B 


32242. Original manuscripts which deal with clinical and 
scientific aspects of otolaryngology, bronchoesophagolo- 
gv. head and neck, maxillofacial and plastic surgerv, 
audiology, speech pathology and related specialties will be 
considered for publication. It is understood that manu- 
scripts submitted for review have not been published. 


Papers are scheduled for publication in the order of ac- 
ceptance; however, manuscripts received in improper 
form require longer production time which may delay 
publication. 


The following instructions are in accord with Uniform Re- 
quirements for Manuscripts Submitted to Biomedical 
Journals.* 


COPYRIGHT. In compliance with the Copyright Revi- 
sion Act of 1976, all manuscripts must be accompanied by 
the following statement before thev will be reviewed for 
publication: “In consideration of the Annals of Otology, 
Rhinology & Laryngology taking action in reviewing and 
editing my (our) submission the author(s) undersigned 
hereby transfer(s), assign(s) or otherwise convey(s) all 
copyright ownership to the Annals Publishing Company in 
the event such work is published in the Annals of Otology, 
Rhinology & Laryngology.” 


Written permission from both senior author and publisher 
must be provided to the Annals in order to republish 
materials copyrighted elsewhere. 


MANUSCRIPTS. Limit papers to a size that will make up 
to no more than six printed pages, figuring three double- 
spaced typewritten pages of text to one typeset page; see 
journal for estimating space required for references, illus- 
trations and tables. If a manuscript of slightly greater 
length is approved by the editor all typeset pages in excess 
of six will be charged to the author at the publisher's cost 
of $125 per page. Submit an original and two copies of the 
manuscript, typed on white bond paper with margins of at 
least 25mm (1 in}, double-spaced throughout, including 
references, tables and legends. Begin each component on a 
new page in the following sequence: title page, abstract. 
text, acknowledgments, references, tables and legends. 
Number pages consecutively in the upper right corner, be- 
ginning with the title page. 


The author is responsible for all statements in the paper, as 
approved by the author on the copvedited galley proofs. 
and for the cost of authors’ alterations made after the 
paper is set in type. 


Title page must include 1) a concise but informative title, 
worded to facilitate indexing; 2) an abbreviated form of 
the title, to be used as a running head; 3) authors’ names 
and no more than two academic degrees; 4) department(s) 
and institution(s) to which work should be attributed. not- 
ing authors’ affiliations; 5) statement of grant or other sup- 
port; 6) name and address of author to whom reprint re- 
quests should be sent; and 7) name, address and telephone 


Abstracts should contain not more than 150 werds and 
should state the purposes of the study, primary pro- 
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cedures. main findings and principal conclusions. em- 
phasizirg new and important aspects of the investigation. 


References should be numbered consecutively in the order 
in whien they are first mentioned, cited in the text in 
arabic r umerals and mav not exceed 30 in number. Use 
the style of references given in Uniform Requirements. * 
[Include in the reference list manuscripts accepted but not 
yet published: designate the journal followed bv "in press" 
in paremtheses. Manuscripts submitted but not vet ac- 
cepted should be referred to as "unpublished data" in 
parentheses in the text. Primary references only should be 
used anc must be verified by the author(s) against the ori g- 
inal doc iments. Examples of correct forms of references 
can be found in current issues of the Annals. 


Tables should be on separate sheets, numbered con- 
secutively, each headed by a concise title. Place ex- 
planatory matter in footnotes. Tables are adjuncts to the 
text and should not repeat material already presented. 
Limit the number of tables so that the relation between 


Illustrations must be submitted in three complete sets, un- 
mounted, Only professional-quality glossy photographs 
and biack and white line drawings are acceptable. Let- 
ters, numbers and symbols should be clear and even 
throughcut, and of sufficient size that when reduced for 
explanations of illustrations must be listed on a separate 
sheet. not on the illustrations themselves. Affix a label on 
the reverse of each illustration indicating figure number, 
authors names and top of the figure. For radiographs, 
photomicrographs, CT scans, ete, give indications for 
maximum cropping and reduction on an overlay or xerox 
copy. Cize each figure in the text in consecutive order. 
Written permission from subjects is required for identifi- 
able photographs of individuals. The cost of preparing il- 
lustratior s for production is charged to the author. Color 
illustrations are acceptable for publication; cost estimates 
for color separations and printing will be provided upon 
request. 


ABBREVIATIONS, MEASUREMENTS AND NOMEN- 
CLATUFE. Use standard abbreviations given in Uniform 
Requirements.* All measurements must be expressed in 
metric terms; if original measurements were made in 
another system, these may be included in parentheses. 
Audiograms must be plotted according to ISO standards. 
Generic names should be used whenever possible. 


SUPPLEMENTS. A manuscript too long for inclusion in 
the Anaals may be published as a supplement if approved 
by the editor. All costs must be borne by the author: esti- 
mates of cost are provided upon request. Supplements 
have the advantages of separate identification and rapid 
publicaticn. 


REPRINTS. Rates are quoted when proofs are sent. Or- 
ders must be signed by the author and returned with the 
proofs. 
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When vou talked, 
we listened. 


Then we did something about it. 


We designed a single automated middle ear 
test system that eliminates complex multi- 
instrument calibrations. That means fewer 
operating errors and invalid tests. 


The Grason-Stadler GSI 1723 Middle Ear 
Analyzer. A complete automated test system 
that performs a full battery of diagnostic tests 
with reliable accuracy. 


e Tympanometry 

e Ipsilateral and contralateral 
acoustic reflex testing 

e Eustachian tube function testing 


In total testing capability, the 1723 has no 
equal. It combines unsurpassed functional 
capabilities with fast and simple operation. 


The 1723. State of the art in middle ear diag- 
nastics. And it's backed by Grason-Stadler’s 
reputation for quality, reliability and service. 
From the most advanced diagnostic systems 
tothe simplest screening instruments. Grason- 
Stadler. We listen . . . and we do something 
about it. 


Fcr further information: 


P.O. Box 5 

537 Great Road 
Littleton, Ma 01460 
(617) 486-3514 


Grason-Stadler- 





POSITION 
Alkalol AVAILABLE 


FOR NASAL HYGIENE 
OTOLARYNGOLOGIST 


ALKALOL is an aqueous solution 


containing essential oils and salts. 


It is a mucus solvent. Used with an Multispecialty group seeks fifth oto- 
ALKALOL NASAL DOUCHE asi ii M to provide maxillofacial, 


neuro-otological and head and neck 
surgery. 


CUP it is indicated for acute 
rhinitis, postnasal drip, chronic 


sinusitis and general cleanliness. 
Send curriculum vitae to: 
Victor S. Ejercito, MD 
Marshfield Clinic 


o 1000 North Oak Avenue 
THE ALKALOL COMPANY Marshfield, WI 54449 


Taunton, Mass. 02780 


Samples upon request 





1983 IOWA HEAD AND NECK 
CANCER AND RECONSTRUCTIVE SURGERY COURSE 


June 6-10, 1983 


William Panje, MD, Course Director 


A one week course is offered to cover the current and contemporary surgical techniques 
in the management of head and neck cancer. Neck dissection, salivary gland, sinus, 
oral cavity, thvroid disease, as well as contemporary reconstructive surgery will be 
covered in detail. Cadaver dissection under supervision will be done. 
Fee: $1,000. 
Residents with letter from head of department will get a 50% reduction. 
Enrollment will be strictly limited. 
For further information contact: JoAnn Murdock, Dept. of Otolarvngology-Head & 


Neck Surgery, University of Iowa Hospitals, lowa City, Iowa 52242, (319) 356-2797 or 
(319) 356-3574. 
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- Are you stuck? It frequently happens with a difficult case. 
You have a series of test results, but definitive mformation is 
missing. 


You can acquire missing information in many of your most 
difficult cases with the NICOLET PATHFINDER F. 
Comprehensive electrodiagnostic capability for 2valuating ! 
auditory sensitivity, neural integrity, and cognitve processing ~ n— 
is now available in a single top quality instrument. CUm EEE 
Anything less than top quality evoked potential instrumentation can leave you stuck with 
unreliable data and a backlog of patients waiting to be tested. "he NICOLET 
PATHFINDER Il provides complete, high-quality data faster. Cost effectiveness is increased 
because more patients can be tested each day. | j 
r. 
E 


Anything less than top quality evoked potential instrumentation can leave you stuck with E 
an inflexible system that quickly becomes obsolete. Flexibility is a major feature of the 
NICOLET PATHFINDER II. The modular design and software contro! guarantee the long- 
life of the system. Extended life of the system means increased cost effectiveness. 





Anything less than a top quality manufacturer can leave you stuck with inadequate service, training, and 
applications support. Nicolet Biomedical guarantees customer satisfaction. Service and support are provided by 
our international network of offices. Our highly qualified applications staff provides on-site installation and 
training, workshops, seminars, and instructional material. At Nicolet Biomedical we do our best to stay the best. 


Return the reply card today to 












receive more information about the 

Nicolet Pathfinder Il and other NO POSTAGE 

Nicolet Biomedical Systems that can NECESSARY 

be tailored to your individual needs. If IF MAILED 
IN THE 


your need is immediate call Donald 
Erickson 608/273-5000 or 273-5001 
collect at our world headquarters in 
Madison, WI. There is a Nicolet 
Biomedical office close by to serve 
you wherever you are in the world. 


NICOLET 
= BIOMEDICAL 


INSTRUMENTS 
A NICOLET INSTRUMENT DIVISION 





WHERE RESPONSIBILITY KEEPS 
PACE WITH TECHNOLOGY 


BUSINESS REPLY MAIL 


MADISON, WI 


FIRST CLASS PERMIT NO. 1923 
POSTAGE WILL BE PAID BY ADDRESSEE 


Dr. Donald Sledge 

Director of Communications 
N:colet Biomedical 

P.O. Box 4287 

5225-4 Verona Rd. 

Madison, WI 53711-0287 
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The icolet athlinde \ 


Large Color 
Display _ 
Screen 


Interactive 
Cursor —— 
Readout 


Easy Data 
Reduction 


EL 


Sixteen 
Independent 
Memory 
Groups 


Digital Mass “== 
Storage 


Waveform 


ae Positioning 


Pushbutton 
Control 
E Digital 

Automated = Hardcopy 

Protocols red 


e Easy to Use 


e Modular design 
e Flexible 


guarantees long life 


L] PLEASE HAVE A SALES ENGINEER CALL 
L] PLEASE SEND PRICE INFORMATION 


PLEASE SEND DETAILS ON THE FOLLOWING PRODUCTS: 
O Nicolet CA-1000 — Evoked Potential System 

Q Nicolet Pathfinder II — Electrodiagnostic System 

L] Nicolet VTS-1000 — Visual Testing System 

O Nicolet MED-80 — Signal Analysis System 

O Nicolet 1170 — Signal Processor 


O PLEASE SEND A COPY OF "EVOKED POTENTIALS 
IN CLINICAL PRACTICE" 
L] PLEASE ADD MY NAME TO YOUR MAILING LIST 


NAME 

IILLE 

DEPT. 
INSTITUTION 
STREET 
PHONE NO 


Microprocessor 
Controlled 
Visual 
Stimulation 


Flexible 
^ —  Electrode 
ewe — Switching 


Microprocessor 
Controlled 
Somatosensory 
Stimulator 


Microprocessor 
Controlled 
Amplifiers 


Microprocessor 
Controlled 
Auditory 
Stimulator 


e Comprehensive 
Capability 


NICOLET 
BIOMEDICAL 
INSTRUMENTS 

A NICOLET INSTRUMENT DIVISION 

P.O. Box 4287 

5225-4 Verona Road 

Madison, WI 53711-0287 

(608) 273-5000/273-5001 

TWX 910-286-2711 


WHERE RESPONSIBILITY 


KEEPS PACE WITH 
TECHNOLOGY 





AMERICAN RHINOLOGIC SOCIETY 


THE COTTLE PRIMARY AND 
SECONDARY COURSE 
RHINOLOGIC SURGERY AND 
CLINICAL RHINOMANOMETRY 


Based on the Dr. Maurice H. Cottle Technique 
University of Missouri School of Dentistry 
Kansas City, Missouri 
August 19-24, 1983 


This practical course is designed to introduce the basic 
philosophy of the late Dr. Maurice H. Cottle, and will in- 
clude exhibits, lectures, TV surgery, and cadaver dissec- 
tion by members and guests of the American Rhimologic 
Society. Special attention is given to the physiological con- 
cepts of diagnosis and surgical treatment for nasal and sep- 
tal deformities. Clinical office rhinomanometry will be 
.presented in lecture, and practical application will be 
demonstrated. 

Registration fee: Physicians — $600 
Residents — $300 

Through the Dr. Maurice H. Cottle Education end Re- 
search Fund a few part and full pav tuitions are available. 
Contact: P. A. Barelli, MD, Course Director, 2929 Balti- 
more, Suite 105, Kansas City, MO 64108; (816) 561-4423. 


Category 1 — AMA Credit 
A160 


TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical Schoo. 


Malcolm D. Graham, MD, Course Director 


March 14-18, 1983; 
April 25-29, 1983; May 9-13, 1983; 
June 13-17, 1983; June 20-24, 1983; 
Sept. 12-16, 1983; Sept. 26-30, 1983; 
Oct. 31-Nov. 4, 1983; Nov. 14-18, 1983 


Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the ctologic 
surgeon, utilizing lectures, videotape presertations 
of surgical techniques and temporal bone dissection. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experience in 
both temporal bone anatomy and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngolozy and 
Kresge Hearing Research Institute, blendinz basic 
science and clinical otologic instruction. Dissection 
instruments will be provided. 
FEE — $1000 
50 Hours Category I CME Credits 

For further information contact: Malcolm D. Craham, 
MD, Dept. of Otorhinolaryngology, University of 
Michigan Medical Center, Ann Arbor, MI 48109, (313) 
164-4131 or (313) 764-8110. A45 








Temporal Bone 


Suroical Dissection 
Manual 


Ralph A. Nelson, M.D. 


Published by the 
HOUSE EAR INSTITUTE 


This manual is a basic introduction to surgical 
dissection of the temporal bone. It is a complete 
guide to setting up a dissection bench and then 
drilling to learn the anatomy from a surgical 
approach. It is organized to introduce the student 
of the temporal bone to basic techniques and 
basic anatomy in a sequential fashion, with each 
dissection building upon a previous one. Not 
only is the surgical approach important, but the 
organized approach makes use of each and 
every bone to its fullest extent. Drawings focus 
on specific details and give the depth of field 
necessary to depict the dissections. 

The design of this volume promotes ready 
reference during drilling in the dissection 
laboratory, either in learning or in reviewing 
basic surgical approaches. 


All chapters are 
organized into easy 
to follow step-by- 
step instructions to 
temporal bone 
dissection. 


Step 2 (Fig. 4): 


Listings of major 
landmarks. 


Clear concise 
illustrations. 


Purchase Price $20.00 


HOUSE EAR INSTITUTE 
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purchase of our instruments. Our 
Customer Relations Department is 
equipped with an extensive refer- 
ence library of films, books, and 
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From diagnosis to documentation, 
Karl Storz endoscopes will see you 
through. 


Karl Storz Endoscopy-America, Inc. 
10111 West Jefferson Boulevard 
Culver City, California 90230 
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Temporal Bone 
Surgical Dissection 
Manual 


Ralph A. Nelson, M.D. 


Published by the 
HOUSE EAR INSTITUTE 


This manual is a basic introduction to surgical 
dissection of the temporal bone. It is a complete 
guide to setting up a dissection bench and then 
drilling to learn the anatomy from a surgical 
approach. It is organized to introduce the student 
of the temporal bone to basic techniques and 
basic anatomy in a sequential fashion, with each 
dissection building upon a previous one. Not 
only is the surgical approach important, but the 
organized approach makes use of each and 
every bone to its fullest extent. Drawings focus 
on specific details and give the depth of field 
necessary to depict the dissections. 

The design of this volume promotes ready 
reference during drilling in the dissection 
laboratory, either in learning or in reviewing 
basic surgical approaches. 


All chapters are 
organized into easy 
to follow step-by- 
step instructions to 
temporal bone 
dissection. 


Step 2 (Fig. 4): 


Removal of Cortex 





Listings of major 
landmarks. 


Clear concise 
illustrations. 





Purchase Price $20.00 


HOUSE EAR INSTITUTE 
256 South Lake Street 
Los Angeles, California 90057 
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POSTLARYNGECTOMY VOICE RESTORATION 


Eye. Ear Hosni 
Manhattan EThroat Hospital 
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DEPARTMENT OF OTOLARYNGOLOGY 
SATURDAY, MAY 14, 1983 


GUEST OF HONOR — JOHN J. CONLEY, MD 


FACULTY 
Sebastian Arena, MD, Pittsburgh; Stanley Blaugrund, 
MD. New York; Eric Blom, PhD, Indianapolis; Robert 
Eberle, MD, New York; Myron Shapiro, MD, Newark: 
Ronald Spiro, MD, New York. 











This one-day intensive course will outline the develop- 
ment of voice restoration procedures, and cover the cur- 
rently used methods, patient selection, and pitfalls. Em- 
phasis will be on practical applications of the techniques 
presented, including patient demonstrations and a trouble- 
shooting session. Panel discussions will highlight the 
clinical experience from various institutions. The concept 
of involving the physician, speech pathologist, and nurse as 
a team is stressed. 











FEES: Practicing physicians, $125; Residents, $75; Speech 
pathologists, $45; and Nurses, $45 (lunch included). 


CME Credits — 8 hours — Category I 


Conéact: H. J. Poetsch, MD, Department of Otolaryn- 
gology, Manhattan Eye, Ear & Throat Hospital, 210 East 
64th Street, New York, NY 10021; (212) 605-3747. 
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TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 
Malcolm D. Graham, MD, Course Director 


April 25-29, 1983; May 9-13, 1983; 

June 13-17, 1983; June 20-24, 1983: 

Sept. 12-16, 1983; Sept. 26-30, 1983: 
Oct. 31-Nov. 4, 1983; Nov. 14-18, 1983 


Intensive one-week courses emphasize the surgical ` 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otologic 
surgeon, utilizing lectures, videotape presentations 


of surgical techniques and temporal bone dissection. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experience in 
both temporal bone anatomy and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending basic 
science and clinical otologic instruction. Dissection 
instruments will be provided. 


FEE — $1000 
90 Hours Category I CME Credits 


For further information contact: Malcolm D. Graham. 
MD. Dept. of Otorhinolaryngology, University of 
Michigan Medical Center, Ann Arbor. MI 48109, (313) 
764-4131 or (313) 764-8110. A45 





J reasons 


to consider the Cadwell 7400. 


Call us for the other 90. 


Pardon our boasting but we 

can t help ourselves. Because 
the Cadwell 7400 is truly 
one-of-a-kind—an unsurpassed 
four-channel evoked potential 
system designed for clinical 
and other highly advanced 
neurologic evaluations. 


We try to shy away from 
superlatives such as ` revolu- 
tionary and “sophisticated,” 
but the Cadwell 7400 won t let 
us. Its ease-of-operation, con- 
figuration capability. and pro- 
grammability combine to make 
a system created for the future, 
not just the present. 


Forgive us if we describe 
only 10 of its features here, but 
the Cadwell 7400 requires more 
advertising copy than we can 
give it: 


I. Choose your modality: 

EMG. NCV. BSEP. VEP, SSEP, 
Myasthenia, AER, ERG, EOG, ENG. 
Flicker Fusion. 


2. Automatic test values set up 


for your preferred testing 
protocol. 


3. laternal stimulus generators 
(0.25 to 200 pps sernulation). 


4. Continuously vawable filter 
ing (4,000 bandpass 
combinations). 


5. kigh-speed ave-aging on 
eadh channel (up t5 32.000 
frames of data). 


6. Built-in impedance mea- 
surement, calibrateon, and 
montage switching. 


7. Dual time base and time 
var.able filters (opdonan. 


8. Automatic peak «abelmg on 
display: subsequest printout of 
times and amplitudes. 


9 Bidirectional doérnatrix 
printer: Full documentation for 
rap d patient Files «3v2" x 11" 
format) 


I0. Optional disk system for 
data storage and retrieval, and 
development of automated test 
sequences, analytic techniques, 
reports, and customized 
programs. 


Comprehensive. State of the art. 
We dont mean to overdo it. And 
of course only you can decide. 
Your personal evaluation of the 
Cadwell 7400 and all its features 
will clearly demonstrate the 
unique Character of this elec- 
trodiagnostic system. Expand 
your horizon in electro- 
myography and evoked poten- 
tial testing: call us at (509) 

7 35-6481 For more information 
or to arrange a demonstration. 


CADWeLL 


World Headquarters 


Cadwell Laboratories. Inc. 
1021 N. Kellogg 
Hennewick, Washington 99336 


Phone: (509) 735-6481 
Telex: 152514 
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BRIEF SUMMARY OF PRESCRIBING 
INFORMATION: 


"INDICATIONS: Based on a review of this drug 
by the National Academy of Sciences 
National Research Council and/or other infor- 
mation, FDA has classified the indications as 
follows. Effective: Management of nausea and 
vomiting, and dizziness associated with 
motion sickness. Possibly Effective: Manage- 
ment of vertigo associated with diseases 
affecting the vestibular system. Final classifi- 
cation of the less than effective indications 

requires further investigation. 
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Vertig 


CONTRAINDICATIONS. Administration of 
Antivert® (meclizine HC!) durir g pregnancy 
or to women who may become pregnant is 
contraindicated in view of the teratogenic 
effect of the drug in rats. The administration 
of meclizine to pregnant rats during the 12th- 
I5th day of gestation has produced cleft 
palate in the offspring. Limitec studies using 
doses of over 100 mg/kg/day in rabbits and 10 
mg/kg/day in pigs and monkeys did not show 
cleft palate. Congeners of meclizine have 
caused cleft palate in species other than the 
rat. Meclizine HCl is contraimdicated in indi- 
viduals who have shown a prev ous hypersen- 
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sitivity to it. WARNINGS. Since drowsiness 
may, on occasion, occur with use of this drug, 
patients should be warned of this possibility 
and cautioned against driving a car or operat- 
ing dangerous machinery. Usage in Children: 
Clinical studies establishing safety and 
effectiveness in children have not been done: 
therefore, usage is not recommended in the 
pediatric age group. Usage in Pregnancy 

see “Contraindications.” ADVERSE REAC- 
TIONS. Drowsiness, dry mouth and, on rare 
occasions, blurred vision have been reported. 
More detailed professional information avail- 
able on request. 
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Dosage for vertigo* The recommended dose is 25 mg to 1 


Also available 


| 


‘25 (meclizine HCl 


(meclizine HCl) 12.5 mg Tablets e Antivert 


Antivert* 





New York 1001 


ROOGRIG GE» A division of Pfizer Pharmaceuticals, Ne 


‘The Third International Symposium on Recent Advances 
in Otitis Media with Effusion 


May 17-20, 1983 
Bahia Mar Hotel 
Fort Lauderdale. Flor da 


* 


Sponsored by 


Department of Otolaryngology and Center for Continuing Medical Education 
The Ohio State University College of Medicine 


Topics: 

Epidemiology Pathogenesis 
Natural History Pathology 
Screening Management 
Diagnosis Prevention 
Etiologies Sequelae 


Over 90 speakers and panelists 

from 12 countries will participate 

in the program. 

Registration fee: $250 
(residents: $180) 

A.M.A. Category I credit. 


For further information contact: 





Symposium Director. 
WILLIAM H. SAUNDERS. M.D. 


Program Committee: 
DAVID J. LIM, M.D., 
Chairman 


CHARLES D. BLUESTONE. MD. 
Vice-Chairman 


JEROME O. KLEIN, MD. 
JOHN D. NELSON. M.D. 
MICHAEL M. PAPARELLA, M.D 
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David J. Lim, M.D., 4331 University Hospitals Clinic, 456 Clinic Drive, Columbus. Ohio 43210 


(telephone: 614/421-8103) 


THE DEPARTMENT OF OTOLARYNGOLOGY 


AND 


THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
OF THE MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce Postgraduate Courses 


RHINOPLASTY AND OTOPLASTY 
(Cosponsored with The American Academy of 
Facial Plastic and Reconstructive Surgery. Inc.) 
June 12-16, 1983 


Sidney S. Feuerstein, MD, Course Director: S. James Baum, MD, 
Samuel M. Bloom, MD, Saul Hoffman, MD, William Lawson, MD, 
DDS, Frank E. Lucente, MD, Sigmund Sattenspiel, MD, and Guest 
Faculty: Daniel Baker, MD, New York: G. Jan Beekhuis, MD, De- 
troit; John Conley, MD, New York; Irvin Fine, MD, Perth Amboy, 
NT: Lionello Ponti, MD, Rome; Robert Simons. MD, Miami: Richard 
C. Webster, MD, Melrose, MA; Howard Smith, MD, DDS. New Ha- 
ven. CT: Fred J. Stucker, MD, Shreveport, LA. 


Fee: $600. 
Sunday through Thursday, 9 AM to 6 PM (Five Sessions) 


This course covers the basic principles of rhinoplasty including 
reconstructive surgerv of the nasal septum and otoplasty. Basic lectures 
on surgery of the nasal tip will be thoroughly reviewed and discussed. 
Laboratory dissection on fresh cadavers will be coordinatec with the 
lectures in addition to daily live and taped televised surgery. Anatomy, 
physiology, pathology, diagnosis, planning and evaluation in rhino- 
plasty will be thoroughly reviewed. Management of the nasal septum 
with and without rhinoplasty will be presented. Correction of nasal 
deformities including thorough discussion of component parts and 
their relation to every other part with special emphasis on the nasal tip 
and nostrils, splinting, correction of accompanving chin deformities, 
use of grafts for restoration of contour, plastic surgery in children and 


psychiatric aspects will be reviewed. Management of nasal deformities 


The technique and latest concepts developed in rhinoplasty will be 
discussed and taught including the prevention and correction of rhino- 
plasty sequelae. The importance of surgical judgement. proper associ- 
ation of the aesthetic and physiological requirements and methods of 
imprevtsation will be stressed. 

Lectures on otoplasty will deal with etiology. pathology and surgery 
of deformities of the auricle secondary to errors in shape, size and posi- 
tion. Cadzver dissection available for each student. 

FACELIFT SURGERY 
(Cosponsored with the American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 
June 17-18, 1983 

William Lawson, MD. DDS. Course Director; Jacob S. Aronoff, 
MD. Sidney S. Feuerstein, MD, and Guest Faculty: John Conley, MD, 
New York, William H. Friedman, MD, St. Louis: Richard C. Web- 
ster, MD, Melrose. MA. 

Fee: $300. 
Friday and Saturday, 9 AM to 6 PM (Two Sessions) 


The course will cover the facelift procedure, It will include lectures 
on case selection. regional anatomv, operative technique. complica- 
tions and results, Attention will also be given to ancillary procedures 
for the aging face. Cadaver dissection and surgical demonstrations will 
be utilized. 


Apply to: Director. The Page and William Black Post-Graduate School of Medicine, One Gustave L. Levy Place, New York, NY 10029: (212) 


650-6737. 
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New COCAINE HYDROCHLORIDE 
TOPICAL SOLUTION € 


(Not For Injection or Ophthalmic Use) 


Here at last, commercially prepared 
Cocaine HCI Topical Solutions to 
relieve you from an onerous and 
sensitive compounding task. 


1096/4ml 


Roxane Laboratories leadership in Unit Dose 
packaged liquid formulations is extended to 
Cocaine HCI Topical Solution. This pale blue-green 
formulation is proven stable and fully potent to the 
expiration date printed on each cup lid. This is 
particularly important for a product with known 
stability problems. 
The advantages of a commercially prepared Unit - args 
Dose product are well established. | or USE 
e The product is clearly and consistently labeled. 
e Control is maximized when only the amount 
needed for each procedure is delivered to the 
nurse or physician. I T 
e Any unopened cups can be returned 
to inventory. 


To Order Cocaine Hydrochloride 

Topical Solution, simply fill Cocaine HCl 4% 

out your DEA Form 222 and : 

purchase order as follows: Cocaine HCI 10% 

Mail the order to: - A $10.00 handling charge will be waived if the total order 
Roxane Laboratories, Inc. for Schedule Iliproducts amounts to $75.00 or more. 


P.O. 16532 


Columbus, OH 43216 
Laboratories, Inc. 
Columbus, Chio 43216 





ROXANE LABORATORIES, INC 


COCAINE HYDROCHLORIDE II 
TOPICAL SOLUTION 


INDICATIONS AND USAGE 
Cocaine Hydrochloride Topical Solution is indi- 
cated for the introduction of local (topical) anesthesia 
of accessible mucous membranes of the oral, laryn- 
geal and nasal cavities. 


CONTRAINDICATIONS 
Cocaine Hydrochloride is contraindicated in pa- 
tients with a known history of hypersensitivity to 
the drug or to the components of the topical solution. 


WARNINGS 
RESUSCITATIVE EQUIPMENT AND DRUGS 
SHOULD BE IMMEDIATELY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 
Carcinogenesis, Mutagenesis: Long-term studies 
to determine the carcinogenic and mutagenic poten- 
tial of cocaine are not available. 


PRECAUTIONS 
The safety and effectiveness of Cocaine Hydro- 


chloride Topical Solution depends on proper dosage, 
correct technique, adequate precautions, and readi- 
ness for emergencies. 

The lowest dosage that results in effective anesthe- 
sia should be used to avoid high plasma levels and 
serious adverse effects. Debilitated, elderly patients, 
acutely ill patients, and children should be given re- 
duced doses commensurate with their age and phy- 
sical status. 

Cocaine Hydrochloride Topical Solution should 
be used with caution in patients with severely trau- 
matized mucosa and sepsis in the region of the pro- 
posed application. Use with caution in persons with 
known drug sensitivities. 


ADVERSE REACTIONS 
Adverse reactions may be due to high plasma levels 

as a result of excessive and rapid absorption of the 
drug. Reactions are systemic in nature and involve 
the central nervous system and/or the cardiovascular 
system. A small number of reactions may result from 
hypersensitivity, idiosyncrasy or diminished toler- 
ance on the part of the patient. 

CNS reactions are excitatory and/or depressant, 
and may be characterized by nervousness, restless- 
ness and excitement. Tremors and eventually clonic- 
tonic convulsions may result. Emesis may occur. 
Central stimulation is followed by depression, with 
death resulting from respiratory failure. 

Small doses of cocaine slow the heart rate, but after 
moderate doses, the rate is increased due to central 
sympathetic stimulation. 

Cocaine is pyrogenic, augmenting heat production 
in stimulating muscular activity and causing vaso- 
constriction which decreases heat loss. Cocaine is 
known to interfere with the uptake of norepinephrine 
by adrenergic nerve terminals, producing sensitiza- 
tion to catecholamines, causing vasoconstriction 
and mydriasis. 

Cocaine causes sloughing of the corneal epithe- 
hum, causing clouding, pitting, and occasionally 
ulceration of the cornea. The drug is not meant for 
ophthalmic use. 


HOW SUPPLIED 
4% Cocaine Hydrochloride Topical Solution 
NDC 0054-8150-03: Unit dose Patient Cup™ filled 
to contain 4 ml, five 4 ml Patient Cups™ per carton. 
10% Cocaine Hydrochloride Topical Solution 
NDC 0054-8151-03: Unit dose Patient Cup™ filled 
to contain 4 ml, five 4 ml Patient Cups" per carton. 
Store at Controlled Room Temperature 
15?-30?C (59°-86°F) 
Caution: Federal law prohibits dispensing 
without prescription. 
issued August 1982 


Laboratories, Inc. 
Columbus. Ohio 43216 


TECHNIQUES 
OF 
TYMPANOPLASTY 
AND 
STAPEDECTOMY 


University of Zurich 
September 19-22, 1983 


Host: Professor U. Fisch 
Guest: J. L. Sheehy, MD; Los Angeles 


This zourse for experienced otologists entails 
in-deoth, a discussions and video demon- 
strations o 


Fee: US $300 


For farther information contact: Professor U. 
Fisch, ENT Department, Universitv Hospital. 
8091 Zurich, Switzerland. 


BOSTON UNIVERSITY 
SCHOOL OF MEDICINE 


Department of Otolaryngology 


presents 


MICROSURGERY OF THE 
LARYNX AND VOICE 
CONSERVATION 


June 1-3, 1983 
Back Bay Hilton, Boston 


Course Directors: 
M. Stuart Strong, MD; Geza J. Jako, MD 


19 AMA Category I Credits 


Fee: $300 for Physicians 
$200 for Residents 


For further information contact: 
Dept. of Continuing Medical Education 
Boston University School of Medicine 
80 E. Concord Street 
Boston, MA 02118 
(617) 247-5602 
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Will antihistamine /decongestant 
therapy merely replace 


one set of symptoms 
with another? 


The symptoms of rhinitis may be replaced by drowsiness 





effectiveness of 
or tolerance to 
conventional 
treatment is 


unsatisfactory.” 
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Compare Nasalide to Compare Nasalide to 
antihistamines/decongestants other intranasal steroids 


-—- 











ORAL NASAL VANCENASE * 
NASALIDE ANTIHIS- DECON. DECON. NASALIDE 
flunisolide TAMINES GESTANTS | GESTANTS flunisolide diproprionate proprionate 
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Appropriate for 
use in children 
6-14 years old 
Non-Freon® P 
CNS delivery | 
excitation 
Propylene 
glycol vehicle 





Drowsiness 






































Rebound | 
congestion Usual B.I.D. 
dosage" | 

“Nuisance effects” of Nasalide offers effective 
antihistamines/decongestants therapy that’s well tolerated 
can result in noncompliance. by most patients. 
Drowsiness, CNS excitation and rebound Most frequent side effect is mild, transient 
congestion may interfere with your patients’ Nasal irritation or stinging (usually lasting 
jobs or daily activities. Patients who are only a few seconds). 


reluctant to take a chance with these 
medications may not comply with therapy. MIUR pri 





Syntex Laboratories, Inc. a 
Palo Alto, CA 94304 
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nasal solution O.O2596 


Brief Summary 
Description: Each bottle contains flunisolide in a solution of 
propylene glycol, polyethylene glycol 3350 and purified 


water buffered with citric acid/sodium citrate, with benzal- 


konium chloride added as a preservative, and NaOH and/or 
HCI added to adjust the pH. It contains no fluorocarbons. 


Indications: For relief of the symptoms of seasonal or peren- 
nial rhinitis when effectiveness of or tolerance to conven- 


tional treatment is unsatisfactory. 
Improvement is usually apparent within a few days after 
starting Nasalide but may take as long as 2 weeks in some 


patients. Although systemic effects are minimal at recom- 


mended doses, Nasalide should not be continued beyond 3 
weeks in the absence of significant symptomatic improvement. 


Nasalide should not be used in the presence of untreated lo- 


calized infection involving nasal mucosa. 
Contraindications: Hypersensitivity to any ingredients. 
Warnings: Patients transferred from systemic steroid therapy 


to Nasalide should be monitored to avoid acute adrenal in- 


sufficiency in response to stress. Since some patients may 
experience symptoms of .withdrawal, attention must be 
given to patients previously treated for prolonged periods 


with systemic corticosteroids, particularly those with as- 


sociated asthma or other clinical conditions where too rapid 
a decrease in systemic corticosteroids may cause a severe 


exacerbation of symptoms. Nasalide should be used with cau- 
tion in patients on alternate-day prednisone for any disease. 


Precautions: General: Localized Candida albicans infections 
of the nose and pharynx occurred only rarely in clinical 


studies, but if such an infection presents, treatment with ap- 
propriate local therapy or discontinuation of Nasalide treat- 


ment may be required. 

Flunisolide is absorbed into the circulation. Systemic effects 
have been minimal with recommended doses but larger 
doses should be avoided since excessive doses may suppress 
hypothalamic-pituitary-adrenal function. 

Nasalide should be used with caution in patients with active 
or quiescent tuberculosis infections of the respiratory tract; 
untreated fungal, bacterial, or systemic viral infections; or 
ocular herpes simplex. 


In patients who have experienced recent nasal septal ulcers, 
recurrent epistaxis, nasal surgery, or trauma, a nasal corti- 


costeroid should be used with caution until healing has 
occurred. 

Information for Patients: Nasalide should be used as 
directed at the prescribed dosage. Nasal vasoconstrictors or 
oral antihistamines may be needed until the effects of 
Nasalide are fully manifested. The patient should follow the 
Patient Instructions carefully and should contact a physician if 
symptoms do not improve, if the condition worsens, or if 
sneezing or nasal irritation occurs. 

Carcinogenesis: While no evidence of carcinogenicity 
was found in a 22-month study in Swiss-derived mice, there 


was a Slight increase in the incidence of pulmonary adeno- 
mas which was well within the range of spontaneous adeno- 


mas previously reported for untreated Swiss-derived mice. 
Impairment of Fertility: Female rats receiving high 


doses of flunisolide (200 mcg/kg/day) showed some evi- 


dence of impaired fertility. Reproductive performance in 
low and mid dose groups was comparable to controls. 
Pregnancy: Pregnancy Category C. The drug has been 


shown to be teratogenic and fetotoxic in rabbits and rats. 
The drug should be used during pregnancy only if the poten- 


tial benefit justifies the potential risk to the fetus. 

Nursing Mothers: Because other corticosteroids are 
excreted in human milk, caution should be exercised when 
the drug is administered to nursing women. 

Adverse Reactions: The most frequent complaints were mild 


transient nasal burning and stinging (reported in approxi- 


mately 45% of patients). These complaints do not usually 


interfere with treatment; in only 3% of patients was it nec- 


essary to decrease dosage or stop treatment because of 
those symptoms. 


Incidence of 5% or less: nasal congestion, sneezing, epi- 
staxis and/or bloody mucus, nasal irritation, watery eyes, 


sore throat, nausea and/or vomiting, headaches and loss of 


sense of smell and taste. In rare instances, nasal septal per- 


forations were observed during the studies but a causal 
relationship with Nasalide was not established. 


Systemic corticosteroid side effects were not reported dur- 


ing the controlled clinical trials. If recommended doses are 


exceeded, or if individuals are particularly sensitive, 


symptoms of hypercorticism could occur. 


Dosage and Administration: Full therapeutic benefit re- 
quires regular use and is usually evident within a few days, 


but up to 3 weeks may be required for some patients to 


achieve maximum benefit. Patients should use a deconges- 
tant and clear their nasal passages of secretions prior to use. 
Recommended starting dose in adults: 2 sprays in each nos- 


tril b.i.d. If needed, increase to 2 sprays t.i.d. 
Recommended starting dose in children (6-14 years): | spray 


in each nostril t.i.d. or 2 sprays in each nostril b.i.d. Not rec- 


ommended for use in children less than 6 years old. 

Total daily doses: not to exceed 8 sprays in each nostril for 
adults and 4 sprays in each nostril for children. 

Maintenance dose: smallest amount necessary to control 
symptoms. 


How Supplied: Each 25 ml Nasalide® (flunisolide) nasal solu- 


tion spray bottle (NDC 0033-2906-45) contains 6.25 
mg (0.25 mg/ml) of 


LS 
flunisolide and is sup- fem, 
plied with a pump unit, teen 
nasal adapter with — 


dust cover, and patient = Syntex Laboratories, Inc. 
instructions. ISYNTEX} Palo Alto, CA 94304 





Madsen Technology 


Introducing a complete line of audiometers 
capable of computer interface. 


OB822 oins the top of the line 
MICRO-5 as another 

standard of excellence to ^. 
lead-audiometry dias i sd 
the 80's. = 


The mew OB822 canbe "SSE 

* 
controlled manually or con- 
nected to a computer with the 
25232 interface. You personally make 
on-lime decisions; you control the computer: 
you program it the way you want the tests 
executed. You can reprogram the memory for 
periodic calibration using the attenuator. 





Speed, accuracy and versa- 
tility are the key words when 
describing the all new ERA 
2250 system for evoked 
potential measurements. 
Simplicity of operation 
provides the audiologist more 
productive patient time. 


The ERA 2250 can also be - 
interraced with a computer ^. "i 
allowing even greater flexi- j c a‘. 
bility. where only the 
Imagination limits the scope 





of operation. J 
ERA 1250 
The newly introduced companion model, single- 
channel ERA 1250 is the most cost-effective 
system available today. 
Over 25 years of experience lie behind Madsen 
products, bringing you clinical and diagnostic 
impedance audiomefters professionals have 
come to trust. 
Veen 
U.SA CANADA EUROPE 
P.O Box 136 2370 Speers Road 20 Vesterlundvej 
Buffalo, N.Y P.O. Box 535 DK 2730 Herlev 
14225 Oakville, Ontario Denmark 
Tel 1-E00-828-8081  L6J5B4 Tel. (02) 946000 
Telex: 06-982298 Tel: (416) 825-0122 Telex: 55-3 35285 
Telex: 06-982298 MADSTR-DK 


Leading audiometry through the 80's 


cw Fes wes EC BS ES Ra SE 


tts 


and, 


innovation and progress in "medical ——À— systems does ee suddenly. 
They are arrived at after years of effort, cedication, and planning. 

We began 75 years ago to present the. finest endoscopic system available for medical 
science today. | 


Richard Wolf Medical Instruments Corp. *046 Lyndon Ave. Rosemont, IL 60018 (312) 298-3150 





AMERICAN RHINOLOGIC SOCIETY 


THE COTTLE PRIMARY AND 
SECONDARY COURSE 
RHINOLOGIC SURGERY AND 
CLINICAL RHINOMANOMETEY 


Based on the Dr. Maurice H. Cottle Technique 
University of Missouri School of Dentistry 
Kansas City, Missouri 
August 19-24, 1983 


This practical course is designed to introduce the basic 
philosophy of the late Dr. Maurice H. Cottle, and w 1l in- 
clude exhibits, lectures, TV surgery. and cadaver d ssec- 
tion bv members and guests of the American Rhinclogic 
Society. Special attention is given to the physiological con- 
cepts of diagnosis and surgical treatment for nasal anc sep- 
tal deformities. Clinical office rhinomanometry wil be 
presented in lecture, and practical application will be 
demonstrated. 


Registration fee: Phvsicians — $600 

Residents — $300 
Through the Dr. Maurice H. Cottle Education and Re- 
search Fund a few part and full pay tuitions are availabk. 
Contact: P. A. Barelli, MD, Course Director, 2929 Balti- 
more, Suite 105, Kansas City, MO 64108; (816) 561-4423. 


Category 1 — AMA Credit 
ABO 


FELLOWSHIP 
IN 
HEAD AND NECK SURGERY 


University of Iowa 


A one- to two-year fellowship is being offered 
by the University of Iowa, Department of 
Otolaryngology-Head and Neck Surgery, Di- 
vision of Head and Neck Surgery. The fellow- 
ship consists of active involvement in the man- 
agement of all aspects of oncologic, plastic 
and reconstructive surgery of the head and 
neck. Teaching and research are also re- 
quired. Candidates must be able to obtain an 
Iowa medical license. 


The University of Iowa is an equal opportuni- 
ty affirmative action employer. 


For further information contact: 
William R. Panje, MD 
Dept. of Otolaryngology-Head & Neck Surgery 
University of Iowa 
Iowa City, Iowa 52242 
(319) 356-2166 


OTOg 


A Conference on Otology and Neurotology 


June 2-3-4, 1983 
HYATT REGENCY SAN FRANCISCO, ; 


Program Director: 
Rodney Perkins, MD 


Sponsored by Project HEAR 
1801 Page Mill Road 


AUDIOg3 |, 


Concurrent Conference 
on Audiology 


and NeuroAudiology 


i il C 


Palo Alto, California 94304 
415/494-2000 


CME: 24 Hours Category | 





Ann Otol Rhinol Laryngol 92:1983 


TYPE II COLLAGEN-INDUCED AUTOIMMUNE OTOSPONGIOSIS 
A PRELIMINARY REPORT 


T. J. Yoo, MD, PHD 


K. TOMODA, MD 
A. H. KANG, MD 


J. M. STUART, MD 
A. S. TOWNES, MD 


MEMPHIS, TENNESSEE 


Otospongiosis-like lesions were induced in rats dy immunizing them with native type II collagen. Immunized rats had antibody re- 
sponses specific for native type II collagen and developed otospongiosis-like lesions. The spongiotic lesion was characterized by numerous 
osteocytes amd osteoblasts in the vascular spaces and by dark staining prcbably due to the chemical alteration of ground substances. Bone 
resorption and new bone formation were clearly visible. Immunofluorescence studies demonstrated deposition of immunoglobulin and 
complement on the bone matrix and wall within the area of spongiosis. An antibody-mediated etiopathogenesis was suspected. 


Otosclerosis is a poorly understood pathological 
condition which causes hearing loss by affecting the 
otic capsules of the labyrinth and the stapes. Char- 
acteristic histopathologic changes of otosclerosis 
have been described in fetuses and in very young 
children as well as in adults of all ages. Although 


genetic and basic histologic patterns have been 
identified in otosclerosis, there is no agreement as to 
its etiology or precise pathogenesis.' 


In this communication we described an experi- 
mental model of otospongiosis-like lesion in rats 





Fig 1. A) Normal bone structure of anterior borcer of external meatu: bone near tympanic annulus. There are some vascular chan- 
nels and lacunae within tissue. (x118) B) qoae change at same rezion in rat with otospongiosis. Numerous osteocytes and osteo- 


blasts are seen in vascular spaces of lesion. T 





ere is no defined bourdary between lesion and normal bone. (x71) 
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Fig 2. Higher magnification of same lesion in rat with oto- 
spongiosis (Fig. 1). Otospongiotic bone is characterized by 
das staining due to alteration of chemical ground sub- 
stance. Vascular spaces are wide and contain fibrous 
tissues. Large uar of fibroblasts and osteoblasts are 
seen. Bone absorption and new bone formation are visible. 
(x672) 


caused by immunization with native type II colla- 
gen. Immunized rats developed spongiotic changes 
in the external meatal bone near the tympanic an- 
nulus and in the middle layer of the cochlear cap- 
sule. We propose that these changes are the result of 
collagen autoimmunity in this animal model and 
may shed some new light on the possible pathogene- 
sis of human otosclerosis. 


METHODS 


Inbred Lewis and outbred Wistar rats weighing 100 to 125 g 
were used. Rats were immunized with type I or type II bovine 
collagen. Pepsin-extracted collagen was prepared from skin or 
cartilage as previously described.’ It was found to be pure by 
amino acid analysis, protein electrophoresis, and uronic acid 
analysis. Rats received 100 ug of collagen in 0.1 ml of 0.01 N 
acetic acid in incomplete Freund's adjuvant in the foot pads and 
were boosted one week later by another in the tail subcutaneous- 
ly. Sera were collected and antibody titers were assayed by an 
ELISA method.’ Animals were killed after one month and the 
temporal bones dissected en bloc, immersed in 10% neutral for- 
malin, imbedded in paraffin, sectioned, and stained with 
hematoxylin and eosin (H and E). For the immunofluorescence 
studies* they were fixed with ethanol, decalcified with EDTA, 
and paraffin-imbedded before sectioning. Fluorescent-labeled 
rabbit antirat C3 and antirat immunoglobulin (Ig) were used to 
localize the deposition of antibody and complement. For control, 
normal rat temporal bones were used. In addition to a direct 


method, we also utilized an indirect method. Sections were 
reacted first with goat antirat IgG antisera or goat antirat C3 an- 
tisera and then with fluorescent-labeled rabbit antigoat IgG. For 
control. normal goat serum was reacted before reacting with 
fluorescent-labeled rabbit antigoat IgG. 


RESULTS 


Spongiotic changes were observed in the anterior 
border of the external meatus bone near the tvm- 
panic annulus of the type II collagen-immunized 
rat. No lesions were found in the rats immunized 
with tvpe I collagen. In normal rats this area con- 
sists of woven and lamellar bone (Fig 1A). In type II: 
collagen-immunized rats there were spongiotic vas- 
cular lesions characterized by numerous osteocytes 
and osteoblasts (dark staining was probably due to 
chemical alteration of ground substance) and wider 
vascular spaces with fibrosis (Fig 1B). Bone resorp- 
tion and new bone formation were clearly visible 
(Fig 2). These distinctive pathological features 
resembled the spongification of bone which is seen 
in human otosclerosis. Figure 3A shows the early 
stage of spongification in the same part of the bone. 
The higher magnification in the same area (Fig 3B) 
shows dark staining in a large blood vessel and sur- 
rounding bone of the vascular channels and la- 
cunae: the stain changed to dark blue due to altered 
chemical composition of the intercellular ground 
substance. This looks like the "blue mantle" seen in 
the early stage of human otosclerosis. Figure 4 
shows boundarv areas between diseased and normal 
bone histologically characterized by an increase in 
the number of osteoblasts and osteocytes, by its dark 
blue staining. 


The earlv lesion of spongiotic change was ob- 
served in the middle layer of the cochlear capsule 
(Fig 5A). Figure 5B shows the higher magnification 
of the blood vessel in the cochlear capsule. Macro- 
phages and osteoclastic cells invaded the widely 
vascular space and eroded perivascular bone. Sur- 
rounding interstitial bone was acellular, nonviable, 
and contained degenerated lacunae. However, 
spongiotic changes were not clearly recognized in 
the oval window and other areas. 


Immunofluorescence studies demonstrated that 
the fluorescent substances were deposited on the 
bone matrix and vessel wall within the area of 
spongiosis, which was separated with a defined 
boundary from other normal bone. There were no 
fluorescent substances in the adjacent bone or in the 
temporal bone of control animals (Fig 6A). The 
temporal bones of rats with collagen-immunized 
spongiosis were further characterized by a strong 
deposition of green fluorescent substances on the en- 
chondral layer of the otic capsule (Fig 6B,C). In 
normal rats, there were no fluorescent substances 
on the same area. In the sections stained with H and 
E there were no differences between the control and 
collagen-immunized rats except the thin blue stain- 
ing on the surface of the lacunae and canaliculae. 
In addition, the walls of the vascular channels were 
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Fig 3. A) Early stage of spongification seen in anterior border of external meatal bone near tympanic annulus in type II collagen-im- 
munized rat (x18). B) Higher magnification in sane area, showing dark staining in blood vessel and surrounding bone of vascular 
channels and lacunae as shown in Fig 2. This feature looks like "blue mantle" as seen in early stage of human otosclerosis. (x178) 


slightly more prominent in immunized as compared 
to normal rats. The Table shows a comparison of 
otospongiotic changes in normal rats and type II 
collagen-immunized rats. 


Ossicular maxillary joints of immunized and con- 
trol rats had normal histology in both H aad E and 
immunofluorescence sections, whereas in the im- 
munofluorescence sections, the bone tissue of os- 
sicles from the type II collagen-immunizec rats had 
a deposition of green fluorescent substances around 
lacunae, canaliculae, and vascular channels. 


Antibodies to tvpe II collagen were de-ected in 
these rats by ELISA. Mean absorbance of a 1:1000 
dilution of sera from ten experimental rats was 
1.096 + 0.036 compared to 0.083 2 0.006 for unim- 
munized controls. Similar results were obtained in 
tvpe I collagen-immunized rats; these animals had 
antibodies against type I collagen. The preimmuni- 
zation antibodv level of experimental animals was 
the same as that of the unimmunized control ani- 
mals. Preincubation of the sera with 50 ug/ml of 
tvpe I collagen showed minimum inhibition while 
preincubation with 50 ug ml of type II collagen 
reduced the absorbance to control levels. We had 
previously shown that antisera raised in rats against 
bovine type II collagen extensively cross-reacts with 





Fig 4. Another case in type II collagen-immunized rat 
showing boundarv area between diseased and normal bone 
in anterior border of external meatal bone near tympanic 
annulus histologically characterized by increase in number 
and activity of osteoblasts and osteocytes, and also bv its 
dark staining as shown in Fig 2. (x168) 


106 YOO ETAL 





Fig 5. A) Early lesion of spongiotic change observed in middle layer of cochlear capsule (arrow) (x16). B) Higher magnification of 
blood vessel in cochlear capsule. Macrophages and osteoclastic cells invaded widely dilated vascular space and eroded perivascular 
bone. Surrounding interstitial bone are acellular and nonviable containing degenerated lacunae. (x158) 


rat type II collagen, hence these antibodies suggest 
“autoimmunity. ^^^ 


DISCUSSION 


The primary lesion of human otosclerosis occurs 
in the otic capsule. The earliest change is actually 
an otospongiosis-softening or "spongiosis" due to in- 
creased vascularity and resorption of bone.' The 
major etiologic theories of otosclerosis deal with the 
presence of unstable rests of embrvonic cartilage 
and histiocytes within the capsule and fissula, and it 
is thought that enzymatic activity from the histio- 
cytes results in otospongiotic changes." ? 


Up to now, enzyme studies on otospongiosis indi- 
cate that enzvmes are responsible for the destruc- 


SPONGIOTIC CHANGE IN NORMAL 
AND COLLAGEN-IMMUNIZED RAT 





Collagen-Im- 


Normal munized Rat 

(12 Ears) (25 Ears) 

(-) (+) (=) (+) 

Spongiosis 11 l 5 20 

Osteogenic cell reaction 10 2 4 2] 

Vascular spaces 12 5 20 
Altered intercellular 

ground substance 11 l 5 20 


tion of bony tissue. It is possible that these changes 
are caused bv the inflammatory cells recruited to 
the immune reaction site. 


Collagen is a major structural component of con- 
nective tissue'?' and hypersensitivity to type II col- 
lagen associated with arthritis in rats,*°°'* mice 
(Stuart JM, Townes AS, Kang AH: unpublished 
data), and humans," chondritis of the ear lobe in 
rats.* and relapsing polychondritis in humans."* In 
this communication we report for the first time an 
animal model showing that autoimmunity to type 
II collagen can cause "otospongiosis-like" changes 
in the ear. 


Histological similarities exist between our experi- 
mentally produced lesion and human otosclerosis, 
but the lesion is less prominent in the labyrinthine 
capsule, and no lesion is observed in the stapedio- 
vestibular joint. However, these regions are coated 
with antibody as detected by immunofluorescence. 
The pathology may not have been advanced enough 
to be apparent in this particular area. However, the 
immunofluorescent deposits are found in both the 
enchondral layer of the otic capsules and the ante- 
rior border of the external meatus bone near the 
tvmpanic annulus. 


Fig 6. A) Immunofluorescence stain 
ing demonstrating green fluores- 
cert substance responding to rat- 
IgG and C3 deposited in spongi- 
otic lesion located with defined 
boundary from adjacent bone in 
same part of external meatal bone 
(antirat IgG antisera, x71). B) 


Streng deposition of green fluores- 


cence observed on enchondral lay- 
er of otic capsule in tvpe II colla- 
gen-immunized rat. Positive reac- 
tior to antirat IgG and C3 ap- 
peared in the area of globuli inter- 
ossei (antirat IgG, antisera x2556). 
C) Enchondral laver of cochlear 
capsule also showing positive reac- 
tion against rat-C3 in type II 
collagen-imunized rat (antirat C3, 
antisera x2045). 


AUTOIMMUNE OTOSPONGIOSIS 


107 








108 YOO ETAL 


We are not sure why the spongiotic changes oc- 
curred in this area except that here four-minute 
ossification centers of membrane bone fuse in the 
early stages of temporal bone development. Also the 
anterior border is the last area in the normal fixa- 
tion to other parts of the temporal bone. Thus, it 
might be feasible that this anterior border of the 
tvmpanic annulus could be more susceptible to an 
immune injury. It would be attractive to hypothe- 
size that cartilage remnants exist in this area 
although we do not have any experimental evidence 
so far to support this thesis. 


Whether or not autoimmunity to collagen is in- 


volved in human ear disease is not known, however, 
this animal model provides an opportunity to in- 
vestigate human otosclerosis with this concept. 
Preliminary studies performed in our laboratory 
also suggest that some patients with otosclerosis 
have m aon m On this pani we 
es bs collagen. M UA reac- 
tions directed against the cartilage rests could ex- 
plain the presence of histocytes as well as the patho- 
physiology and clinical picture of otosclerosis. Thus 
this animal model may provide a new avenue of re- 
search and may be useful in defining the pathogen- 
esis ef human otosclerosis. 
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CHEMODECTOMA OF THE CHEEK 
A CASE REPORT 


HOWARD L. DELCZIER, MD 


BURLINGTON, 


VEAMONT 


The first case of a chemodectoma of the cheek is presented and the histopathology reviewed. Chemodectomas of the head and neck 
can be difficult to diagnose, with angiography remaining the single most useful aid to determining both location and diagnosis. Surgery is 
the treatment of choice, and prognosis depends not enly on the extent of the tumor but also its predilection for malignant behavior. 


INTRODUCTION 


Chemodectomas or nonchromaffin paraganglio- 
mas are a histologically similar group of tumors that 
arise from chemoreceptive tissues throughout the 
body. These tumors are commonly found in the 
hean and neck as glomus Tone tumors, , glomus 
fact, they are the most common Hos m of the 
middle ear and are second in occurrence only to 
acoustic neuromas within the temporal bene.’ 


Unusually located chemodectomas in the head 
and neck region are also being reported in increas- 
ing numbers; ' however, the present case is the first 
reported case of a chemodectoma of the cheek. 


CASE REPORT 


The patient is a 26-year-old male whose only 
symptom was a vague discomfort in his right cheek 
for approximately one vear. Associated with this 
discomfort was an intermittent biting of his right 
cheek, which he attributed to a dental preblem. A 
dental consultation led to a biopsy of a submucosal 
mass in his right buccal area, and a tentat ve diag- 
nosis of hemangiopericytoma was obtained. The 
patient was referred to the Medical Center Hospital 
of Vermont for further evaluation and treatment. 


On bimanual palpation, the mass invoived the 
middle and superior portion of the right ckeek. In- 
traorally, the mass extended submucosally to the 
gingival buccal sulcus superiorly and to the retro- 
molar trigone posteriorly. The inferior gingival 
buccal sulcus was free of disease. The mass ap- 
peared to be stuck to the masseter musele with 
possible involvement of the parotid glanc. There 
was no dental pathology evident, and all cranial 
nerves functioned normally. There was no palpable 
adenopathy. The remainder of his ENT examina- 
tion was normal. 


Tomograms of the base of the skull and maxilla 
revealed no evidence of bony erosion in these areas. 
A right parotid sialogram was normal; however, a 
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rght common and external carotid arteriogram 
(Fig. 1A) revealed a moderately vascular mass sup- 
pied by hypertrophied branches of the internal 
maxillary artery. Vascular encasement was not pre- 

sent. The mass appeared to be localized to the right 
caeek and did not extend posteriorly into the soft 
tissues of the oropharynx or nasopharynx. The CAT 
sean (Fig. 1B) revealed a soft tissue mass involving 
the soft tissues of the cheek with extension limited to 
the anterior portion of the masseter muscle. 


In June 1980, the patient underwent superficial 
parotidectomy for exposure of the facial nerve fi- 
bers and of the tumor. The mass was located exactly 
as expected from the physical examination and ra- 
diographic findings. To assure adequate margins, it 
was removed en bloc with the involved portion of 
the masseter muscle, the buccal fat pad, and with 
the adjacent oral mucosa. The mucosal defect could 
be closed for the most part by direct approximation; 
hewever, at the conclusion of the procedure there 
was still approximately a 2 cm residual defect, 
which healed of its own accord over the ensuing 
weeks. 


On gross pathological examination, the mass 
measured approximately 4 cm in diameter. It was 
firm, completely encapsulated, and mottled brown- 
white in color on its cut surface. 


Microscopically, the tumor contained epithelioid 
cels arranged in variations of organoid, gyraform, 
and trabecular patterns (Fig. 2A). The cells con- 
tamed pale, faintly eosinophilic cytoplasm with 
large nuclei (Fig. 2B). There was minimal pleomor- 
phism. The stroma was highly vascular with num- 
erous large vessels being surrounded by cell clusters 
in a perithelious manner (Fig. 2C). On the basis of 
the endocrinoid appearance and highly vascular 
stroma, a diagnosis of chemodectoma was made. 


The patient experienced an unremarkable post- 
operative course and has no evidence of persistent 
or recurrent disease two years after surgery. 
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DISCUSSION 


In the middle of the 18th century, Haller? 
described a soft tissue irregular, ovoid, pale struc- 
ture on the medial wall of the common carotid ar- 
tery at its bifurcation. He originally thought the 
structure to be a sympathetic ganglion and so 
termed it "ganglion minitum." Subsequently, this 
structure has become recognized as the carotid bulb 
and regarded as a paraganglion. The chemorecep- 
tor tissue which comprises it has been found to be 
widely dispersed throughout the body. 


On gross histological examination, most para- 
gangliomas are partially encapsulated, firm, and 
tan on cut-section. Trabecular fibrosis and focal 
hemorrhage are occasionally noted. 


Microscopically, the tumors consist of sheets or 
nests of epithelioid (chief) cells arranged in distinct 
clusters (Zellballen) and cell cords. These arrange- 
ments are usually separated by prominent capillary 
networks, and the tumor itself is generally encapsu- 
lated by fibrous stroma with interdigitating fibro- 
septi. 


The chief cell is the predominant cell and varies 
from ovoid to polyhedral in configuration. It gener- 
ally contains a moderate amount of pale eosino- 
philic granular cytoplasm with vesicular nuclei. 
There is variable pleomorphism, and mitotic figures 
are exceedingly rare. Catecholamine-like granules 
in the chief cells have been demonstrated by ultra- 





Fig. 1. A) Right carotid arteriogram 
demonstrating a vascular mass in 
the right cheek and its predominant 
feeding vessels from the internal 
maxillary artery. B) CAT scan 
showing the tumor (dotted line) in 
the right cheek and its association 
with the masseter muscle (arrow). 


structural studies, and some paragangliomas have 
been associated with symptoms due to excess cate- 
cholamine secretion, such as paroxysmal hyperten- 
sion. '' 


The chief cells are believed to belong to a larger 
familv of cells termed amine, precursor, uptake, 
and decarboxvlation (APUD) cells. These cells arise 
from the neural crest and give origin to several 
tissues other than the chemoreceptor cells of chemo- 
dectomas. These tissues are then capable of devel- 
oping their own specific tumors, which belong to 
the larger family called "APUDomas"; for example, 
chromaffin cells giving rise to pheochromocytomas, 
thyroid C cells giving rise to medullary carcinoma, 
GI endocrine cells giving rise to intestinal carcinoid, 
plo. 


Chemodectomas typically follow a slowly pro- 
gressive, insidious clinical course with symptoms 
varving with the location of the tumor. The correct 
clinical diagnosis of a chemodectoma is difficult to 
make, especially in the more unlikely areas. The 
most informative diagnostic procedure, as in the 
present case, is selective angiography. It is also 
possible to perform preoperative embolization dur- 
ing the diagnostic angiography if any prominent 
vessels are identified. A CAT scan with renograffin 
enhancement may serve equally well to demon- 
strate the vascular nature and extent of tumor, but 
would not delineate any of the feeding vessels. Inci- 
sional biopsy is ideal in reaching a preoperative di- 
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Fig. 2. A) rdi aed h of the tumor illustrating its organoid and trabecular arrangements of epithelioid cells (x100). B) Photo- 
e 


micrograph showing t 
the tumor's highly vascular stroma (x40 -reticulum stain). 


agnosis but is not always recommended because of 
its potentia! for inducing uncontrollable hemor- 


rhage. 


Surgery remains the treatment of choice. If major 
feeding vessels are present, their ligation or emboli- 


arge nuclei and pale eosir ophilic cytoplasm o the chief cells (x400). C) Photomicrograph demonstrating 


zation prior to excision of the tumor can result in a 
sigaificantly diminished operative blood loss. Radi- 
atien therapy is reserved primarily for unresectable 
lesions. Its major effect appears to be on the vascu- 
lar and fibrous elements of the tumor, rather than 
to directly destroy tumor cells.'* '* 
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Although these tumors are usually benign, malig- 
nant potential has been demonstrated with metas- 
tases being noted to the lung, cervical and medias- 
tinal lymph nodes, heart, liver, and bone.*^? Lack 
et al' noted that malignant paragangliomas ex- 
hibited a combination of two or more of the follow- 
ing histologic features: central necrosis of the 
Zellballen, invasion of the vascular spaces, and the 
presence of mitotic figures. However, Batsakis'! 
feels that there is no correlation between the 
histologic appearance of these tumors and their bio- 
logic behavior. 


HOWARD L. DELOZIER 


A relationship between malignant behavior of 
cheniodectomas and their site of origin has been 
noted. Among the more commonly located para- 
gangliomas, the vagal body tumors (16%) have the 
highest incidence of metastases. However, when 
all locations in the head and neck are considered, 
larvngeal tumors have been associated most fre- 
quently with a malignant course (approximately 
25% )."" Therefore, prognosis may depend on both 
the extent of the primary lesion and the location, 
with its associated tendency for malignant behav- 
ior. 
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The Tenth Anniversary Conference of the International Symposium on Cochlear Implants will be held June 22-24, 1983, at the 
University of California in San Francisco. For further information write or call: Extended Programs in Medical Education, University of 
California School of Medicine, Room 569-U, Third and Parnassus, San Francisco, CA 94143; (415) 666-4251. 
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ENDOLYMPHATIC 5AC SURGERY 
FOR MENIERE’S DISEASE 


GERSHON J. SPECTOR, MD 


PETER G. SMITH, MD, PHD 


St. Louis, MISSOURI 


An endolymphatic-mastoid Silastic shunt procedure was performed in 122 cases of Meniere's disease having a mean follow-up period 
of taree years. In accordance with American Academy of Ophthalmology and Otolaryngology 1972 criteria, there were 43% class A, 20% 
class B, 21% class C, and 17% class D results. Analys:s of 35 recent cases raving a mean follow-up period of nine months revealed 57 % 
class A, 25% class B, 9% class C, and 9% class D results. Sixteen percent of the patients who experienced classes A, B or C results com- 
plamed of other fluctuating symptoms which were not relieved by surgery. Moreover, three new cases of otolithic crisis were found in the 
pos operative group. Seven of ten patients who experienced a class A or B result had either a recrudescence of their vertigo or a significant 
dec-ement in hearing in response to a postoperative salt-loading test. It is concluded that the surgical success rate decreases with time and 
tha the procedure appears to alter the symptom comolex but does not cure Meniere's disease. 


INTRODUCTION 


in 1861, Meniére! described the symptom com- 
plex of episodic vertigo, fluctuating prcgressive 
hezring loss, and tinnitus. Guild? postulated the 
longitudinal endolymphatic flow theory and pro- 
vided supportive evidence when he injected dye in- 
to the basal turn of the cochlea of a guinea pig and 
recovered it in the endolymphatic sac. Recently, Ki- 
muza et al? put forth strong evidence in support of 
the longitudinal flow theory. The action of the en- 
dol.mphatic sac was considered to be resorptive. 
Naftalin and Harrison? and Lawrence et al^ pro- 
posed the radia! endolymphatic flow theory. It ap- 
pears that the dark cells in the labyrinth have prop- 
erti2s consistent with secretory function® and that 
the outer sulcus cells of the cochlea may have a re- 
sorptive function.’ 


In 1938 Hallpike and Cairns? and Yamakawa’ in- 
dependently demonstrated endolymphatic hydrops 
in the human temporal bone. Lindsay and Von 
Sch ilthess'? showed cochlear hydrops without ves- 
tibular disease in 1958. Naito,'' Kimura and Schuk- 
necat" and Schuknecht et al? produced histologic 
evicence of endolymphatic hvdrops in the guinea 
pig and the cat by endolymphatic sac obliteration. 
In 192] Portmann'* produced vestibular distur- 
banzes in fish by sealing the endolymphatic sac. 
Five years later he suggested drainage of she en- 
dol«mphatic sac for the relief of vertigo. Since 
ther , the endolymphatic sac has been decompressed, 
neovascularized. shunted to the subarachnoid space 
or mastoid cavitv and catherized with various pros- 
thetcs, including Silastic or Gelfoam sheeting, 
tubes, sponges, and unidirectional valves for the 


Meriere’s disease. '*-?° 


Tae purpose of this report is to evaluate the long- 


term effects of endolymphatic-mastoid shunting 
w th Silastic sheeting on the course of Meniére’s 
disease in 122 cases (120 patients). The study is di- 
vided into four parts: 

l. Evaluation of the long-term relief of vertigo 
ard conservation of hearing; 

2. Comparison of the long-term results to the re- 
su ts noted in a subgroup of 35 more recently oper- 
ated patients; 

3. Analysis of associated symptoms which have 
developed in the long-term postoperative patient 
group; and 

1. Analysis of the response to a postoperative 
saH-loading test in ten patients who experienced a 
favorable surgical result. 


MATERIALS AND METHODS 


Evaluation, Medical Treatment, and Indications for Surgery. 
Approximately 300 patients with episodic vertigo, tinnitus and a 
fluctuating hearing loss are seen annually at Barnes Hospital, St. 
Loris, and allied hospitals. Each patient undergoes 1) an audio- 
metric profile, including pure-tone, speech and impedance audi- 
ometry anc a provocative glycerol test with or without salt-load- 
ingz^ 2) electronystagmography, including bithermal caloric 
stim ulation, and gaze, positioning and positional testing; 3) inter- 
nal auditory canal polytomography or high resolution computer- 
izec tomography with and without contrast enhancement; 4) 
neu-ological consultation; 5) hematological testing for syphilis 
and diabetes mellitus; and 6) an otologic, audiometric and elec- 
trorystagmographic evaluation during an attack. 


Patients diagnosed as having Meniere's disease are placed on a 
mecical regimen for at least three months. Our present regimen 
inclades an antiemetic, a daily diuretic with potassium supple- 
mertation, and a 2 g sodium diet. In addition, the patient is urged 
to curtail the use of tobacco and alcohol. 


Approximately 5% of our patients with Meniére’s disease are 
evertually recommended for an endolymphatic-mastoid shunt 
procedure. Criteria for surgical intervention clearly tend to incor- 
porste either patients who have signs associated with a favorable 
surg.cal result but are significantly disabled, or those whose only 
other alternative would be a labyrinthectomy (Table 1). Patients 
who have bilateral disease in association with marginally service- 
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TABLE 1. CRITERIA USED IN CONSIDERING PATIENTS 
FOR ENDOLYMPHATIC-MASTOID SHUNT SURGERY 


AR ee mR ALAR PRR RE I te ine Ard PA ANN IE RN EIRP s ad 
a a re ore RT TRU REIT MM mei mn me Reeth aa Ahm aA 


Objective documentation of fluctuating hearing loss of more than 
l vr 


Objective documentation of episodic vertigo of more than ] yr 
Voluntary statement by patient regarding significant disability 


Documentation by physician statement or self-maintained diary 
of incidence, severity and duration of attacks covering a period 
greater than 3 mo 


Evidence of a significant accident precipitated by a vertiginous 
attack (rare) 


Positive glvercol test based on AAOO (1972) criteria 


Rapidly progressive hearing loss with or without intractable ver- 
tigo (rare) 


Medical failure 
Bilateral disease with marginallv serviceable hearing 
Candidacy for a labyrinthectomy 


able hearing (50 dB speech reception threshold [SRT] and/or a 
50% speech discrimination score [SDS]) may not be candidates 
for streptomycin therapy due to their borderline cochlear reserve. 
Tinnitus and aural fullness are not considered as criteria for sur- 
gery. 


Surgical Population. From July 1971 to August 1979, 120 pa- 
tients having at least a 12- month history of Meniere's disease un- 
derwent 122 standardized endolymphatic-mastoid shunts. The 
average age was 44.6 years with a range of 12 to 77 years. There 
were 77 females and 43 males. The average duration of symptoms 
prior to surgery was 32 months with a range of 12 to 120 months. 
One of the 120 patients had osteopetrosis, and another suffered an 
otolithic crisis prior to surgery. Eight patients were noted to have 
a negative glycerol test. Six of these patients were candidates for a 
labyrinthectomy and the remaining two patients had posttrau- 
matic perilymphatic fistulae with secondary hydrops. 


Operative Technique. A complete, simple mastoidectomy is 
performed initially. The posterior semicircular canal is exposed 
but not blue-lined. The endolymphatic sac is exposed and its lat- 
eral or mastoid wall opened widely. The endolymphatic duct is 
then probed bluntly for a short distance along its course medial to 
the posterior semicircular canal. The duct is then cannulated with 
a wedge-shaped sheet of Silastic which is stabilized by the imbri- 
cation of the lateral wall of the sac. The mastoid cavity is neither 
drained nor packed with Gelfoam. The wound is thoroughly ir- 
rigated and closed. 


Data Acquisition and Length of Follow-up. Each patient was 
seen at one week, six months and annually following surgerv. 
Data was obtained from an assessment of 1) the patient's postop- 
erative history and self-maintained diary; 2) results of a self- 
administered questionnaire; and 3) results of an annual audio- 
gram and bithermal caloric nystagmogram. The results were tab- 
ulated in accordance with AAOO 1972 criteria? (Table 2) with 
the "best" preoperative audiogram used as the baseline for the 
classification of the postoperative hearing result as suggested by 
Arenberg et al.** 


Patients having less than one year of follow-up were excluded 
from the determinate, or long-term group. Postoperative data at 
the 1-year interval was obtained on all of the cases. Over |-year 
follow-up data were collected on 97% of the cases. The average 
length of follow-up was 3 years with a range of 1-8 years. 


For comparative purposes, data was collated on the 35 cases 
performed during the 2-year period immediately preceding the 
August 1979 cutoff. To avoid confusion, these cases are collec- 
tively referred to as the short-term subgroup in the remainder of 
this report. The subgroup included 13 cases with less than 1-year 
follow-up, which, by definition, excluded them from the deter- 
minant group. The follow- -up period of the short-term subgroup 
ranged from 6 to 18 months, with an average of 9 months. 


TABLE 2. AAOO (1972) CRITERIA FOR 
REPORTING RESULTS IN THE 
TREATMENT OF MENIERE’S DISEASE 


(1972) 
Class Criteria 


—————goÁ€Ó— PP PB 


A V ertigo relieved; hearing improved (15 dB SRT or 
15% SDS gain) 


B -Vertigo relieved; hearing unchanged 





C Vertigo relieved; hearing worse (15 dB SRT or 15% 
SDS loss) 


D Vertigo not controlled 


RESULTS 


Long-Term Results. Results of a study of the 
long-term group are summarized in Table 3. In 52 
cases (43 % ) vertigo was eliminated and hearing sig- 
nificantly improved relative to the "best" preopera- 
tive audiogram. Hearing was stabilized and vertigo 
relieved in 24 cases (20%). Thus, vertigo was im- 
proved and hearing either stabilized or improved in 
63% of the cases. A relief of vertigo with a decrease 
in hearing was noted in 25 cases (21%). Hence, 
83 % of the entire group experienced a relief or ame- 
lioraticn of their vertigo. 


The audiometric profile did not change signifi- 
cantly in most of the 21 patients in whom vertigo 
was not controlled. Eight of these patients subse- 
quentlv required a transcanal labyrinthectomy for 
relief of vertigo. One of these patients demonstrated 
a persistent ataxia, but did not complain of vertigo, 
posteperatively. 


Electronystagmographic results were not altered 
significantly by surgery. On bithermal caloric 
stimulation during an asymptomatic state, 76% of 
the cases exhibited a canal weakness, 14% demon- 
strated a directional preponderance and 10% were 
noted to have a normal response. 


Although not considered to be criteria for pre- 
dicting surgical success, tinnitus and the sensation 
of fullness were eliminated in 13% and 26% of the 
cases, respectively. The latter usually occurred in 
those who experienced the best postoperative re- 
sults. 


T wo of the six patients who were otherwise can- 
didates for a labyrinthectomy had a class A result, 
inciuding serviceable hearing. One patient in this 


TABLE 3. LONG-TERM RESULTS OF 
ENDOLYMPHATIC-MASTOID SHUNTING IN PATIENTS 
WITH MENIERE’ E DISEASE 


AAOC Percent of Total 
(ERZ Popularan 
Class Number of Cases N= NBD 
À 52" 43 
B 24 20 
C 251 21 
Dp 21* 17 


* Qnepatient with secondary hydrops. 


t One patient with osteopetrosis. 


AE 
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TABLE 4. SHORT-TERM RESULTS OF 
ENDOLYMPHATIC-MASTOID SHUNTING IN PATIENTS 
WITH MENIERE'S DISEASE 


ERREUR ——— RIPE 
—— aan 





AAOO Percent of Total 
(1972) Popelation 
| Class | LLNumber of Cases . N «35 
A 20 57 
B 9 20 
C 3 9 
D 3 9 


group experienced a class B result, and the others 
exhibited a class D result. 


The endolymphatic sac could not be deliaeated in 
four patients. Although they were excluced from 
the sample population of 120 patients, it is interest- 
ing to note that 1 of the 4 patients enjoyed a class B 
result, another had a class C result, and :he 2 re- 
maining patients experienced a class D result. 


There was no evidence of a postoperative dead 
ear, conductive hearing loss, facial nerve deficit, 
semicircular canal fistulae, wound infection, intra- 
cranial complication or death in the entire group of 
patients. 


Comparison of Short- and Long-Term Results. 
We have ncted that some patients who had a favor- 
able response to surgery (class A or B) at the l-year 
interval experienced either a decrement in hearing 
or a recurrence of vertigo. In an effort to assess the 
magnitude of this disturbing trend, we examined 
the results of the previously defined short-term sub- 
group, a summary of which is given in Table 4. Ver- 
tigo was relieved in 91% of the cases, while hearing 
was either stabilized or improved in 82 % of the sub- 
grcup. These results are significantly better (p 
«C.01) than those of the long-term group, a 
graphic comparison of which is given in the Figure. 


Associated Symptoms. A review of the postopera- 
tive histories and diaries of those patients whose 
vertigo was relieved on a long-term basis ~evealed 
other disturbing findings. Sixteen of the 101 class A, 

B and C patients complained of an episedic un- 
Im lightheadedness or a mild ataxia associ- 
ated with vegetative symptoms, such as nausea, 
vomiting or diaphoresis. They denied svmptoms 
sugzestive of true vertigo. Moreover, these same pa- 
tierts related a fluctuating tinnitus or a sensation of 
sms. and lo: 1dness inito ranoe. We could find 
the lee: -U p BUT of these patient. E of 
the 16 patients characterized their unsteaciness as 
being positionally dependent: however, ve were 
unable to document the presence of a benign parox- 
vsmal postural vertigo on electronystagmography. 


Three patients with a class C result developed a 
postoperative otolithic crisis (usually associated 
with end-stage Meniere's disease and characterized 
by momentary loss of control of the extensor muscle 
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Comparison of long- and short-term results of endolym- 
phatic mastoid shunting. Ne - Total no. of patients. 


group without a change in the level of conscious- 
ness) which was not present before surgery. 


The remainder of the patients experienced a de- 
finite improvement in their symptoms; however, 
few considered themselves completely cured. Many 
indicated that they continued to experience un- 
pleasant, poorly described sensations (eg, sensitivity 
to DM motion) and several RS es of an 


ar E salt uic 


Provocative Salt-Loading Test. In order to for- 
mallv assess the effects of an increased salt intake, 
niae patients (ten operated ears) who had a class A 
or B result were willingly subjected to a postopera- 
tive salt-loading test. All of the patients exhibited a 
positive glycerol test in the affected ear preopera- 
tively. Each patient was given a daily 3 g salt sup- 
plement to a regular diet over a 2-week period. 
Pure-tone and speech audiograms were obtained at 
the I- week, 2-week and 1-month interval. If the pa- 
tient experienced an adverse response, a full audi- 
olegic and electronystagmographic evaluation was 
performed immediately, salt-loading discontinued, 
and diuretic therapy started. None of the patients 
required hospitalization as a consequence of the 
tes. 


4 test was considered positive if either vertigo 
wzs induced or a hearing decrement greater than 15 
dB SRT or 15% SDS was verified. 


Seven of the patients exhibited a positive response 
(2 »lass A and 5 class B patients). In general, each 
complained initially of an increased sensation of 
fulness in the affected ear; this was soon ac- 
companied by an increase in the preloading level of 
tinaitus. The first audiometric change noted was 
dirainution of the SDS; this was followed by a de- 
crease in either the SRT or pure-tone average. 
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Loudness recruitment was generally accentuated in 
these cases. All seven of these patients experienced 
an exacerbation of their unsteadiness. Three com- 
plained of transient episodes of true vertigo, one of 
whom manifested a spontaneous nystagmus which 
was documented by electronystagmography. 


At the completion of the salt-loading test, two pa- 
tients were relegated to a lower AAOO (1972) class 
as a result of a permanent decrease in hearing. The 
remaining patients maintained their original post- 
operative status. The electronystagmographic pro- 
files were not permanently altered by the test in any 
of the patients. 


DISCUSSION 


Meniere's disease is one of protean manifesta- 
tions. The duration, severity, and variability of the 
vertiginous and auditory attacks in a patient cannot 
be prognosticated on the basis of the previous pat- 
tern of the attacks in that individual. A scientific 
evaluation of a specific therapeutic measure in a 
disease of unknown origin with an unpredictable 
behavioral pattern is most difficult. The problem 
can be demonstrated by considering two other ther- 
apeutic approaches — pharmacological and physi- 
cal, 


Medical protocols used in the treatment of Meni- 
ere's disease are numerous.** We demonstrated in a 
retrospective study of 35-50 months’ duration that 
vitamins, antihistamines, histamine and histamine 
analogs, and oral vasodilators were of no benefit.?5 
Guilford” noted that all forms of medical therapy 
resulted in approximately 66-70% improvement or 
relief; other authors'* felt that this data may reflect 
the natural course and/or spontaneous resolution of 
Meniere's disease. We currently use salt restriction, 
long-term oral diuretics and antimetics, a regimen 
proposed originally (with slight modification) by 
Furstenberg et al in 1934. 


À similar problem exists when one evaluated the 
efficacy of various physical modalities in the treat- 
ment of vertigo. The application of ultrasound to 
the horizontal semicircular canal for the relief of 
vertigo was first suggested by Kroejci.*? James,*° in 
reporting on the results of 331 patients treated with 
ultrasound, claimed a 90% cessation of and 10% 
Pr ent in vertigo. In addition, he noted a 
13% improvement and 40% stabilization of hear- 
ing at the same level of power. Pennington and 
Stevens?! obtained relief of vertigo in 80% of their 
patients treated with ultrasound. Moreover, 90% of 
the patients experienced an improvement or stabili- 
zation of their hearing. 


A review of the results of cryosurgery on either 
the horizontal or posterior semicircular canals in- 
dicates that vertigo is relieved and hearing either 
maintained or improved in about 70% of the pa- 
tients. In addition, tinnitus and fullness are relieved 
in 50% of the patients. House? performed cryosur- 


gery of the promontory in 80 patients and obtained 
relief of vertigo with stabilized or improved hearing 
in 70%; relief of vertigo and decreased hearing in 
9% of the patients; no response to the therapy in 
11%; and brief responses but recurrence of symp- 
toms within six months in 9% of the patients. 
Wolfson and Cutt? applied cryosurgery to the 
horizental canal in 112 patients (135 procedures) 
and noted a stabilization or improvement of hear- 
ing ard vertigo in 79 % of the patients. 


aken collectively, endolymphatic sac pro- 
cedures provide relief of vertigo in 65-90% of the 
cases. stabilization or improvement in hearing in 
65-83% , and relief of tinnitus or aural fullness in 
13-50% of the cases. ^ ??-**-*o 
House and Owens" reporting on 146 patients 
who underwent endolymphatic-subarachnoid 
shunts, noted control of vertigo in 39% and im- 
provement in hearing in 24% of the patients. 
Clemis and Shambaugh" reported relief of vertigo 
in 62 7o and a stabilization or improvement in hear- 
ing i: 17% of their patients who underwent similar 
procedures. In a more recent study, Brackmann and 
Ande rson*” obtained o of vertigo in e 7t and 
52% 3l 125 patients who RE RUE ndolvm ba: 
tic-subarachnoid shunting: however, 36 of the pa- 
tients eventuallv required additional surgerv for 
control of their disease. Others have reported slight- 
ly better results with the use of endolymphatic-sub- 
arachnoid shunts. **** 


Results obtained with the use of an endolymphat- 
ic-mastoid Silastic shunt are similar to those noted 
for an endolymphatic subarachnoid shunt. For ex- 
ample, Arenberg and Spector”? obtained relief of 
vertigo in 89% and improvement or stabilization in 
hearing in 78% of 20 patients having positive gly- 
cerol tests. Paparella and Hanson?! reported control 
of vertigo in 82% and an improvement or stabiliza- 
tion of hearing in 71% of 46 patients who under- 
went an endoly mphatic-mastoid shunt. Morrison et 
al^ noted either stabilization or improvement in 
hearing in 94% of 263 patients who exhibited a pos- 
itive glyercol test preoperatively. 

Arenberg et al*' recently reported preliminary 
results of endolymphatic-mastoid shunting with a 
unidirectional valve shunt in 78 patients. They 
noted that hearing improved in 54 % or stabilized in 
20%, and vertigo was controlled in 89% of these 
patients. In another study, Arenberg and Stahle* 
found that the valvular shunt outperformed the 
simple Silastic sheet shunt by 23% in terms of hear- 
ing improvement or stabilization aC by 26% with 
respect to the control of vertigo at a 2-year follow- 
up interval. Arenberg and Stahle?* claim that in 39 
patients who had end-stage disease and were candi- 
dates for a labyrinthectomy, insertion of a unidirec- 
tional valve improved hearing in 39%, stabilized 
hearing in 1855, and controlled vertigo in 87% of 
the patients. 
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A comparative analysis of the results of endolym- 
phatic sac surgery is made more difficult because of 
the variability in the length of follow-up associated 
with the reported studies. House!’ noted that over a 
period of 1-2 years about 25% of the patients who 
underwent an endolymphatic-subarachno d shunt 
had a recrudescence of their vertiginous symptoms. 
A review of the results of the present stud» reveals 
that over a 27-month period approximately 8% of 
our patients experienced a recurrence of their ver- 
tigo; moreover 19% of the patients were noted to 
have a significant diminution of their early hearing 
gain. Whether this trend represents a failure of the 
operative technique to provide long-term shunting 
or alter the natural course of the disease is not 
known. Both House!’ and Brackmann and Ander- 
son?? noted an obstructive peritubular fibrosis in pa- 
tients requiring revision of their endolymphatic- 

subarachnoid shunts. Moreover, the senior author 
of this study has noted a f ibroproliferativ e response 
about the Silastic shunt in seven patients who re- 
quired revision surgery. A direct evaluaticn of the 
long-term patency of the unidirectional valve has 
not been performed. However, some insight into 
the problems associated with this prosthes:s can be 
gamed by examining the results obtained with the 
use of its prototype, the Krupin valve,*! in the treat- 
ment of neovascular glaucoma. In such cases, fluid 
can be observed within the lumen and a reduction 
of intraocular pressure can be measured to validate 
its efficacy. Krupin et al‘! noted that in 42 operated 
patients there were 11 cases of perilumina: fibrosis 
and 2 cases of intraluminal obstruction secondary to 
fibrosis. 


The answer to the question of whether endolym- 
phatic sac shunting significantly alters the underly- 
ing pathology of Meniéres disease remains even 
mere obscure. None of the sac procedures in current 
use provide for a decompression or cannu ation of 
the more proximal portion of the endolymphatic 
duct. Clemis and Valvassori? presented radio- 
graphic evidence of a narrowing of the endolym- 
phatic duct in patients with Menieres disease. 
Clearly, a decompression or shunting of just the 
distal portion the endolymphatic system may not be 
sufficient under these circumstances. Moreover, 
although the pathologic process involved in the 


"cochlear" variant of Meniere's disease is not fully 
ur derstood, one would logically place the site of le- 
sien proximal to the sac. The results of a recent 
histopathologic study by Kimura et al? lend support 
tothis argument. W hy, then, do patients who man- 
ifest signs and sy mptoms of such a disorder experi- 
erce a favorable response to distal shunting with a 
uridirectional valve? Perhaps, as suggested by 
Schuknecht,? the localized trauma inherent in the 
procedure creates a mild inflammatory reaction 
that temporarily alters the underlying pathophysi- 
ology. 


It may be that a decompression or distal shunt 
provides for only a partial decrease in the overall 
flew resistance. The postoperative salt-loading test 
described earlier represents a dynamic disturbance 
of a quasi-steady-state system. The fact that a num- 
ber of patients with a favorable surgical result ex- 
hited a positive response suggests a decompression 
that relieves the hydrops in the semisteady, postop- 
erative state but cannot accommodate a presumed 
increase in the endolymphatic flow rate in the 
stressed state. 


The fact that some patients who exhibited a fa- 
vcrable surgical result complained of persistent, al- 
beit vague, fluctuating symptoms is most disturb- 
ing. Furthermore, the finding of three new cases of 
otolithie crisis in the postoperative group is yet 
arother indication that the underlying pathology 
hes not been resolved. 


CONCLUSIONS 


It is evident from the data presented here that 
erdolymphatic-mastoid Silastic shunting is not a 
curative procedure. However, the symptom com- 
plex does appear to be altered by such surgical in- 
te-vention and a significant number of patients ob- 
tain at least temporary relief from their vertiginous 
ard auditory attacks. The physiologic basis of en- 
dely mphatic sac surgery remains somewhat ob- 
scare, and it may be possible that when the patho- 
physiology of Meniere’s disease is better understood, 
there will be a small, select group of patients who 
w ll require endolymphatic sac shunting as an op- 
timal therapeutic modality. 
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AUDITORY BRAINSTEM RESPONSE WITH HIGH STIMULUS RATES 
IN NORMAL AND PATIENT POPULATIONS 


IRVIN J. GERLING, MA 


TERESE FINITZO-HIEBER, PHD 


DALLAS. TEXAS 


Normative data were collected on 48 subjects to cetermine the effects of increasing stimulus rates on the auditory brainstem response. 
These subjects were then compared to 221 patients referred for otoneurologic evaluation. The 90 patients with impaired auditory sensitivi- 
tv demonstrated significantly less wave V latency shift than either the 131 patients with normal auditory sensitivity or the normal subjects. 
The incidence of abnormal wave V latency shift was 12% in the patients with normal auditory sensitivity and 8% in the patients with im- 
pared auditory sensitivity. The high stimulus rate wa: often the only ABR parameter indicative of brainstem involvement in patients with 
doeumented CNS pathology. The authors conclude that a high stimulus rate contributes to the diagnosis of brainstem pathology often 


enough to warrant its routine use. 


‘The auditory brainstem response (ABR) can pro- 
vide objective and quantifiable information in the 
otoneurologic evaluation of the patient with sus- 
pected cochlear, retrocochlear, or central nervous 
system (CNS) pathology.'^ Utilizing AER to its 
maximum potential is primarily an exercise in iden- 
tifving response patterns and knowing which values 
fail within the range of normal variation and which 
values have diagnostic significance for peripheral or 
brainstem dysfunction.’* 


The waves I-V interpeak latency (IPL) and the 
waves V/I amplitude ratio (AR) are common ABR 
parameters for determining central dysfunction. Of 
the two, the I-V IPL is more frequently utilized due 
to the multiple factors which affect the V-I AR." 


The diagnostic value of a third ABR parameter, 
use of a high stimulus rate, is quite controversial. 
Several authors have shown that increasing the 
stimulus rate and determining peak latency shifts is 
of value in identifying the presence of a demyelina- 
ting disease, anoxic-ischemic encephalopathy, tu- 
mor, or other brainstem abnormalities." '' Des- 
pland and Galambos'? have stated that the under- 
lying rationale for rate studies is that in the presence 
of intracranial pathology, auditory pathways are 
more likely incapable of conducting neural impulses 
at high rather than low stimulus rates. 


Chiappa et al" stated, however, that an increase 
in stimulus rate provides no greater diagnostic 
iniormation than already present at a low stimulus 
rate. In addition, Rowe’ has reported that although 
investigators have found that more subtle abnor- 
malities may be detected, which are missed at low 
stimulus rates, this appears to be a rare occurrence. 
The basis of this controversy may be related to both 
the decrease in waveform resolution associated with 
high stimulus rates and the paucity of information 


cn a large patient population regarding the inci- 
dence of stimulus rate abnormality. 


The purpose of this investigation was to deter- 
mine whether increasing the stimulus rate provides 
diagnostic information often enough to warrant its 
routine inclusion in the ABR test batterv. To ac- 
complish this goal, the effects of high stimulus rates 
on a normal adult population were compared with 
results obtained on a large clinic population re- 
ferred for otoneurologic evaluation. 


METHODS 


Subjecis. Normative data were collected on 48 adult subjects 
from 20 to 35 vears of age with audiometric thresholds no greater 
than 15 dB HL (re ANSI-1969) at octave and interoctave fre- 
quencies from 250 through 8,000 Hz and no history of neurologic 
involvement. is normative data were then compared to the 
ABR results on 221 clinic patients, which included 131 with nor- 
mal peripheral hearing sensitivity and 90 with impaired hearing 
sensitivity. All patients were greater than 18 months of age which 
allowed comparison to adult normative rate data."' 


Instrumentation. Standard electroencephalograph (EEG) gold- 
cup disc electrodes were attached to the vertex and each mastoid. 
The vertex electrode was active with the mastoid electrode ip- 
si.ateral to the stimulus as reference, and the contralateral mas- 
tcid electrode as ground. Interelectrode impedance was less than 
6 KQ. Electrodes from the patient were connected to a preampli- 
fier (Grass model P-511) where the EEG was bandpassed from 
300 to 3,000 Hz and amplified by 100,000 before oscilloscopic dis- 
play and analvsis by a computer averager (Nicolet model 1072). 


The window was 20.48 ms, ie, 512 memory addresses at a 40-ms 
dwell time. 


The stimulus was a 100 ys rarefaction electric pulse produced 
bv a pulse generator (Grass model S-48) and delivered monaurally 
to an electromagnetically shielded earphone with cushion 
(TDH-49. MX-41AR). The primary energy peak in the acoustic 
spectrum of the transduced electric pulse was in the 3,000 Hz re- 
gien. Click intensities were referred to the average psychophysical 

click threshold of audiometrically normal adult listeners. At an 


intensity €0 dB above this reference, or 60 dB nHL, with an inter- 
stimulus interval of 50 ms, a reading of 67 dB SPL was obtained. 


Both the EEG and output from the pulse generator were moni- 
tored on an oscilloscope during testing. Each average response 
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Fig 1. Auditory brainstem response with wave V latency 
(ms) shown at four stimulus rates for a typical subject. 


was based on 2,048 click presentations replicated once and 
summed for a total of 4.096 at each intensity. Patients were tested 
while recumbent during natural or sedated sleep in a double- 
walled IAC (International Acoustic Corp.) booth. 


RESULTS 


Normative Findings. The effects of increasing 
stimulus rate from 10 to 20, 50, and 90 clicks per 
second with intensity held constant at 60 dB nHL 
are shown for one subject in Figure 1. Note the in- 
crease in latency of wave V and overall decrease in 
ABR amplitude as stimulus rate increases from 10 to 
90/s. The mean latency of wave V at each of the 
four rates is shown in Table 1. All wave V latencies 
were significantly different from each other (p « .05) 
except for the 10 to 20/s comparison (pcs I0). 
Analvsis was accomplished using a repeated mea- 
sures analvsis of variance (ANOVA) and the New- 
man-Keuls multiple comparisons test." To mini- 
mize test time and maximize the effect of rate, the 
latency shift between 20 and 90/s (p<.001) has 
been used in the routine clinical ABR evaluation. 


To determine the effect of intensity on the wave 
V latency shift from 20 to 90/s, data were collected 
on two separate subject groups. The first group was 
tested at 30, 60, and 70 dB nHL, and the second 
group at 40, 60, and 70 dB nHL. The means and 
standard deviations are presented in Table 2. The 
greatest shift of latency between means was 0.11 ms 
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N 12 12 12 12 
Mean 6.13 6.17 6.52 6.81 
SD 0.30 0.31 0.39 0,35 


nHL Nermal hearing levels; N - No. of subjects. 


with ao detectable trend over the four intensities. 
Group data were analyzed using a repeated mea- 
sures ANOVA." No significant intensity effect was 
found for either group (p> .05). These results are in 
agreement with the findings of Don et al." 


The difference between the wave V latency 
means for rates of 20 and 90/s at 60 dB nHL for all 
48 normal subjects was 0.61 ms with a standard 
deviation of 0.14 ms and a range in scores of 0.24 to 
0.96 ms. The criterion for an abnormally large shift 
of wave V latency was defined as greater than three 
standard deviations above the mean (» 1.04 ms). 


Patient Findings. Figure 2 shows the distribution 
of the. wave V latency shift for a stimulus rate 
change from 20 to 90/s for the normal subjects, the 
hearing-impaired patients, and the normal hearing 
patients. Note that the distribution of the hearing- 
impaired patients was shifted toward an overall 
shorter latency shift than either the normal-hearing 
patients or subjects. The three distributions were 
analvzed using an ANOVA by ranks and the Dunn 
multiple comparisons test.'* These nonparametric 
tests were necessary due to the expected significant 
differences (p« .05) between distribution variances 
as demonstrated by the F test." Analysis revealed 
the two patient distributions as significantly dif- 
ferent (p«.001). In addition, the subject and 
heariag-impaired patient distributions were also 
signif:cantly different (p< .01), but not the subject 
and normal-hearing patient distributions (p> .5). 


Sixteen of the 131 normal-hearing patients, or 
12% . had wave V latency shifts that exceeded the 
1.04 ms criterion defined previously (253 SD). 
Seven of the 90 hearing-impaired patients, or 895, 
also demonstrated prolonged wave V latency shifts 
despite the reduced stimulus rate effect described 
above. An example of latency abnormality is shown 
in Figure 3A. The wave V latency shift was from 
6.4 to 8 ms, or 1.6 ms. The earlier wave components 
frequently become less distinct at a high rate of 


TABLE 2. MEANS AND STANDARD DEVIATIONS OF THE 
WAV V LATENCY SHIFT (MS) FROM 20 TO 90:8 AT FOUR 


dB nHL 
RECON CBRRRENENO S NNNM. 
N 1] 13* 11 13? 11 [REG 
Mean 0.66 0.55* 0.65 0.65* 0.55 55" 
SD 0.20 0. 19* 0.1] 0.16* 0.10 0.14* 


" Dais frem the subject ED tested at 40, 60 and 70 dB nHL. The other 
group was tested at 30, 60 and 70 dB nHL. 
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stimulation. Eleven additional hearing-impaired 
patients had either severely reduced amplitudes (8 
patients) or completely absent ABR (3 patients). In 
Fizure 3B, this second abnormal pattern is shown. 
Ncte the dramatic reduction in the amplitude of the 
response making even the selection of wave V diffi- 
cuit. This less frequent pattern was seen orly in the 
hearing-impaired patients. 


Of the 16 normal-hearing patients with abnormal 


case histories are illustrative. 


CASE REPORTS 


Case 1. A female twin, aged 3 years and 11 months. was refer- 
rec by an otolaryngologist to rule out hearing impairment. She 
presented with seizures and hypertonicity in the lower ex- 
tremities, and was diagnosed as microcephalic and spastic quad- 
rip'egic, secondary to hypoxic ischemic encephalopathy. ABR re- 
suls indicated no evidence of impaired auditory sensitivity. How- 
ever, intrinsic brainstem abnormality was indicated by a pro- 
longed wave V latency shift at the 90/s rate when the right ear 
was stimulated. 


The patient's identical twin sister was also evaluated by ABR 
anc demonstrated no auditory abnormalities. This identical twin 
has thus far exhibited normal psychomotor development. 


Medical histories of the six adult patients, aged 37 to 53 years, 
with normal hearing but abnormal wave V latency shiżt, included 
head trauma, spasmodic dysphonia, and suspected cases of multi- 
ple sclerosis, peripheral neuropathy, or myasthenia gravis. In 
these patients. the abnormal ABR finding, apparent only at the 
high stimulus rate, was often considered a confirming indication 
of erganic CNS pathology. 

Case 2. A 53-year-old female was diagnosed as having spas- 
modic dysphonia and referred by a neurologist for suspected CNS 
involvement. Her speech disorder had existed for four years and 


had increased in severity just prior to evaluation. Neurologic 
symptoms included ptosis of the left eye, dysphagia, migraine 
headaches with impaired vision, and numerous scotoma. Subse- 
quent testing ruled out myasthenia gravis. ABR results pointed to 
intrinsic brainstem abnormality due to prolonged latency shifts at 

The abnormal ABR finding in Case 2 led to additional research 
og spasmodic dysphonia by the authors. An abnormal ABR was 
seen only with the use of the high stimulus rate in 4 of 6 spasmodic 
dssphonia patients tested.^ 

Of the 7 hearing-impaired patients with identifiable and pro- 
longed wave V latency shifts at the 90s rate, 4 were aged 2 to 4 
years. All four children had substantial psychomotor retardation 
ard one was diagnosed as spastic quadriplegic. The three adults. 
aged 34 to 44 years, had etiologies of demyelinating disease, spas- 
modic dysphonia, and head trauma. Both a pediatric and an 
acult case historv are presented. 

Case 3. A 3-vear-old female was referred by a neurologist who 
subsequently diagnosed her as having familial dysautonomia, a 
disease characterized by defective lacrimation, motor incoordina- 
tien, hyporeflexia, and mild psychomotor retardation. Nys- 
tazmus was present at midposition, and most prominent on left 
lara! gaze with horizontal and rotary components. An older 
sibling with dysautonomia had evidence of demyelination not yet 
found in this patient. ABR and impedance results indicated a 
mid bilateral conductive hearing loss. Intrinsic brainstem ab- 
normalities were suggested by a prolonged IPL and an abnormal 
AR stimulus in the right and left ears respectively. In addition, a 
prolonged wave V latency shift at the 90s rate was found when 
the left ear was stimulated. 

Case 4. A 36-vear-old male involved in a high-impact motor 
vehicle accident was referred by an otologist to determine the ex- 


edema. The patient subsequently underwent cranioplasty. Audio- 
metric tests completed six months postoperatively revealed a bi- 
lateral precipitous high-frequency loss above 4,000 Hz, significant 
toae decay at 4,000 Hz for the left ear, and abnormally low cen- 
tral scores on the Staggered Spondaic Word Test (SSW) and di- 
chotic digits for the left ear. ABR results indicated intrinsic brain- 
stem abnormality due to a prolonged latency shift at the 90's rate 
when the left ear was stimulated. 


DISCUSSION 


A primary objective in this study was to evaluate 
the efficacy of a high stimulus rate in identification 
of intracranial pathology in a large clinic popula- 
tion. Twenty-two of 23 patients with prolonged 
wave V latency shifts were identified only at the 
high stimulus rate as having CNS involvement. The 
other patient (case 3) had both interpeak latency 
(IPL) and amplitude ratio (AR) abnormalities. This 
study demonstrated the utility of the 90/s rate in 
clinical ABR evaluation. 


The rationale for using the relative wave V laten- 
cy shift to develop normative data was based on 
previous findings of both a greater stability in 
amplitude and a greater effect on the latency of 
wave V when compared to earlier wave compo- 
nents,?:15:197!* The stability of the wave V amplitude 
made determination of latency shift possible in all 
bet 11 of our 221 patients. The large effect of the 
90's rate on wave V latency allows differentiation 
of rate effect from smaller nonpathological factors 
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Fig 3. Patterns of abnormal latency shift from the 20 to 90:5 rate. Stimulus intensity was 60 dB nHL, 


A) Most frequent; B) less frequent. 


such as intersubject and intrasubject variability. 
Furthermore, the relative latency shift of wave V 
was not significantly dependent upon intensity 
through 70 dB nHL, thus facilitating its clinical ap- 
plication. 


The earlier waves I-IV were often substantially 
reduced in amplitude which made definitive IPL 
measures difficult. However, this was not consid- 
ered a significant drawback to the diagnostic value 
of high stimulus rate. Achor and Starr,"* in a study 
of the effects of discrete lesions in cats, demon- 
strated that the ABR components generated rostral 
to the eighth cranial nerve have substantial contri- 
butions for more than one auditory brainstem struc- 
ture. For this reason, an ABR abnormality should 
be used to document the presence of neuropathol- 
ogy, rather than to identifv a specific correlation 
between a given brainstem site and a particular 
wave.* Thus, at present, it would appear that maxi- 
mizing the effect of stimulus rate on the ABR is 
more important diagnostically than identifving 
each of the components in an attempt to localize a 


lesica along the brainstem. 


In 1975 Thornton and Coleman" presented data 
supporting a hypothetical model in which adapta- 
tion due to high stimulus rates occurred from audi- 
tory nerve through rostral brainstem in normal sub- 
jects. Neurophysiologic mechanisms considered re- 
sponsible for observed latency shifts with increased 
rate when both peripheral and central auditory sys- 
tems are intact include a change in cochlear recep- 
tor finction,'* the refractory period of neural ele- 
meris, and a decrease in synaptic efficacy. In pa- 
tholegical conditions, these mechanisms are prob- 
ablv altered resulting in the observed prolonged 
latency shifts and/or absence of the ABR when stim- 
ulus rate is increased. ^?! 

Pratt et al?’ stated that a high stimulus rate ap- 
peared sensitive to a subset of their patients and sug- 
gested that rate may augment ABR abnormalities 
for ratients with nuclear rather than fiber lesions. 
However, in the case of a fiber lesion patient who 
did rot show a rate abnormality, two variables may 
have affected the interpretation. First, only a 50/s 
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rate was used, whereas a 90/s rate may have had a 
greater effect on the ABR. Second, the patient had a 
60 dB hearing loss. In the current investigation, 
hearing loss shortened the latency shift. 


With the exception of Coats and Martin," the 
literature has not dealt with the implications sen- 
sory hearing impairment might have on the inter- 
pretation of ABR in CNS pathology. These authors 
demonstrated shorter I-V IPL in their hearing- 
impaired versus normal-hearing groups, and cau- 
ticned that separate normative data would improve 
the sensitivity of the IPL parameter in the diagnosis 
of CNS pathology. 


The present study provides further support for 
caution when the patient with suspected CNS pa- 
thelogy also has impaired hearing. Using norms 
based upon normal-hearing subjects for patients 
with hearing impairment would allow a much 
higher false-negative error. Thus, additional in- 
vestigation into the nature of the shortened latency 


analvses. 


shift in patients with sensory hearing loss is now in 
progress to establish a more efficient criterion of ab- 
normality. 


In summary, Hecox et al'' stated that a stimulus 
which is optimal for eliciting the most easily identi- 
fiable ABR waveform may not be optimal for dem- 
onstrating pathology. In fact, this study has demon- 
strated that patients with CNS pathology, such as 
spastic quadriplegia or severe head trauma, may 
manifest an abnormality only at a high stimulus 
rate. The conservative approach in defining the 
criterion of abnormality in this study allowed only a 
1% false-positive error, which conversely increased 
the risk of false-negative error. Despite this, the in- 
cidence of 12% in the normal-hearing and 8% in 
the hearing-impaired patients was significant in the 
detection of brainstem pathology. For this reason, it 
is recommended that routine testing of all patients 
include a low and high stimulus rate to aid in docu- 
menting intracranial pathology. 
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EPIDERMOID CYSTS OF THE VOCAL CORDS 
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MARC BOUCHAYER, MD JEAN BLAISE ROCH, MD 
Lyon, FRANCE LYON, FRANCE 


Fifty-three cases of intracordal epidermoid cysts diagnosed, treated and follewed from 1972 to 1981 are presented. In the clinical 
evaluation, special attention must be paid to the type of dysphonia and morphoiegy of the vocal cords at indirect laryngoscopy. The epider- 
moid cyst is not easily visualized and the examiner must take into account signs Éke "monochorditis," slight bulging, unilateral nodule and 
diminished or abolished vibrations of one of the cords at stroboscopy. Microsurgical excision followed by voice therapy is the recommended 
treatment. The pathogenesis of these cysts is still speculative. Two theories are discussed: the traumatic theory and the dysembryoplastic 
theory. 


Epidermoid cysts may be encountered within the RESULTS 
vocal cords. The diagnosis is usually difficult be- 
cause of the relative scarcity of clinical signs. These 
intracordal cysts can be excised using microsurgical 
techniques. Generally the intracordal cysts de- 
scribed in the literature consist of retention or 
mucus cysts, most probably caused by obstruction 


Citiical Findings. In all patients, the reason for 
consultation was dysphonia. Since 29 were profes- 
siona! voice users, or involved in amateur singing or 
acting, even a small degree of phonatory difficulty 
was suficient to bring them to the phoniatrician. 


of a glandular duct. These retention cysts are con- The voice was generally altered and sometimes 
sidered the most frequent type of vocal cord cvsts. the dvsphonia was quite marked: tonality was low- 
Epidermoid cysts have been infrequently reported ered in both women and men The variability of 
in the literature. Ash and Raum? present a concise voice intensity among the patients did not follow a 
histological description in which they attribute speci!ic pattern but vocal quality was frequently de- 
cause to possible trauma. Vocal cord epidermoid scribed by the consulting phoniatrician as “forced,” 
cysts bear a strong resemblance to epidermal cysts husky. hoarse, tiring easily, or characterized by 
of the skin.** An analogy can also be made with the breaks in the voice and double tones. 

histologic structure of cholesteatoma.’ A special effort was made in the history-taking to 


In the present series, 53 cases of epidermoid cysts 
of the vocal cords are reported and their clinical, : 
surgical and histopathological features are con- 


sidered (larvag:tis, frequent sore throat, 9 cases), exposure 

to caid air (4 cases), coughing (2 cases), exposure to 

: : chemical irritants (1 case) and attempted strangula- 

METHODS tion il case). It was also found to be related to ir- 

Of the 53 patients with intracordal epidermoid cysts operated ritation experienced after throat operations (ton- 

upon from 1972 to 1981, 45 were women and 8 were men. Their silleciomy, polyp removal on the vocal cord, 2 

ages varied from 8 to 52 years; most patients ranged between the cases’. Sometimes two of these factors could be re- 
ages of 21 and 40. All 53 patients underwent a thorough clinical lagad eg, throat infection and vocal abuse (2 cases) 
phoniatric evaluation consisting of a careful history, a subjective ae c M | ne | UN Sat EH UU 

acoustical voice evaluation, a complete otolaryngological ex- Indirec: laryngoscopy was often disappointing 
amination including indirect laryngoscopy, and a stroboscopic because cystic formation was rarely evident as such. 
evaluation. All underwent surgical removal through suspension- In the majority of cases, a unilateral diffuse swell. 


direct laryngoscopy (under general anesthesia). A Zeiss micro- 
scope with a 12.5 magnification eyepiece and a 350-mm objective 
lens was used with the magnification dial set at 25. 


ing of <he cord ("monochorditis") was one of the 
most significant clues (33 cases). This sign may or 
may nct be associated with a more localized sub- 


After an evaluation of the lesion through the microsco e and ; : : f 
- mucosal bulging. When the latter is present, the di- 


gentle palpation, an incision was made on the surface of the cord 


to open the mucosa just medial to the vocal ligament (Fig 1). The agno:is is more easily made. It was not uncommon 
cyst was dissected and removed. The cavity created by the re- to first visualize the contact lesion on the opposite 
moval of the cyst was then carefully inspected in order to insure cord (16 cases) which m ay manifest itself by a 


that no remnant or other cyst remained. The margins of incision 


" f z : * xD iT y $ E 3 3 Y B B 3 aC " r P ^ 3 
were allowed to join together to close the wound, and an intracor- thic SERRE of the free b order » f the eU rd. 5 peso 
dal injection of hydrocortisone acetate completed the procedure. or a pseudocyst. However, the diagnosis is almost 
All specimens were examined by a pathologist. certain when, with the stroboscope, the vibrations 
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of the cystic cord are absent or at least markedly re- 
duced. 


Surgical Findings. In six cases, cvsts were found 
on both cords and were removed either simultane- 
ously (2 cases) or in two steps (4 cases). Also a recur- 
rence was noted in the same cord of one patient. 
Two cysts were removed simultaneously from the 
same cord in one patient and three cysts from the 
same cord in another patient. 


In the 53 patients, a total of 28 epidermoid cysts 
were found in the left cord and 18 in the right cord: 
six were bilateral: and the site was not recorded for 
one patient. Generally the cyst was located in the 
micdle third of the cord just beneath the free border 
of the vocal fold; it appeared less frequently in the 
anterior or posterior part of the cord. The cyst was 
imbedded between the vocal ligament and the cor- 
dal mucosa (Fig 1B) and was never found within the 
muscular mass itself. 


The intracordal epidermoid cyst was often asso- 
ciated with other lesions of the vocal cord(s). Forty- 
two patients had one or more associated lesions of 
the vocal cords, often suspected or diagnosed 
through indirect lary ngoscopy but observed or con- 
firmed at the time of surgery. These included uni- 
lateral or bilateral vocal cord sulcus (21 cases), 
nodules (at different stages of formation, 15 cases), 
“mucous bridge,” (a longitudinal narrow band of 
corcal mucosa lying just over the opening of a 
sulcus or furrow, with anterior and posterior inser- 
tions on the free edge of the cord, 6 cases), chronic 
laryngitis and/or Reinke’s edema (5 cases), polyp (2 
cases), vasodilatation on the surface of the eord (1 
case), and angiomatous nodule (1 case). Nodules, 
when present, were always located on the opposite 


cord. 


Fig. 1. Epidermoid cyst of right 
vocal cord. A) Before incision (ar- 


row). B) After incision, cyst ex- 
posed medial to vocal ligament 
(arrow). 


Pathological Findings. Two kinds of epidermoid 
cysts were encountered, the true epidermoid cyst 
lired by normal malpighian epithelium and filled 
wth keratin material (Fig 2), and the epidermoid 
inclusion cyst consisting of a solid malpighian 
epidermoid formation without keratin, which may 
reoresent an earlier stage in the formation of the 
cyst but is not really a cyst in itself. 


DISCUSSION 


The discussion of the pathogenesis of these cysts 
may prove to be purely speculative since, up to 
now, there is no scientific certainty as to the 
mechanism of formation of the epidermoid cysts of 
the vocal cord. An interesting hypothesis is the 

"traumatic theory," in which it is presumed that 
the development of the epidermoid cvst inside the 
vocal cord follows the same pattern as in the skin. 
Mi-rotraumatisms from vocal abuse, inflammation 
or direct trauma could produce a small fissure into 
the cordal epithelium and would favor inclusion of 
a minute fragment of external cordal epithelium 
that would grow after healing of the original micro- 
wound and would follow a course somewhat similar 
to epidermal inclusion cysts of the skin or even cho- 
lesteatoma. 


In this series, the onset of the dysphonia coin- 
cided with one of the previously mentioned factors 
in £7 instances. Also, among the 53 patients, 24 had 
the habit of screaming frequently or speaking with 
a lcud voice. 


Another interesting hypothesis may be consid- 
ered,^" the dysembrvoplastic theory, which is based 
on the fact that epidermoid intracordal cysts are 
frequently associated with vocal cord sulcus and/or 

“mucous bridges." 
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Fig. 2. Histological specimen of epidermoid cyst. Thick 
squamous epithelium with numerous keratinized cells. 
(x25) 


Vocal cord sulcus was recognized as early as 
1901.8 Its embryogenic etiology was considered by 
Luchsinger and Arnold whose definition may be 
cited: "The congenital vocal cord sulcus is a fine 
longitudinal furrow on the medial edge of the vocal 
cord. It may extend along the entire length of the 
cord or it may be limited to a segment of variable 
length. Its depth is also variable and may range 
from a faint line to a deep partition of the cord. ? 
According to Cornut and Bouchayer,*"'? the vocal 
cord sulcus could be a stage in the development of 
epidermoid cysts of the vocal cord. During the sur- 
gical procedure for sulcus removal, it is not rare to 
find a cyst or keratin flakes imbedded in its deepest 
part. The long-standing dysphonia in many sulcus 
patients is another clue in favor of the embryogenic 
theory. As mentioned above, 21 of the 53 patients 
exhibited also a unilateral or bilateral vocal cord 
sulcus, and a “mucous bridge" was found just over 
the opening of the sulcus in six cases. Among the 21 
cyst patients whose lesions were associated with 
suleus, the dysphonia was reported to have been 
present "always" or for "many years" in 12 cases. 
This points more in favor of the dysembryogenic 
hypothesis than of the traumatic theory. For the 
other patients whose dysphonia appeared after in- 
flammation or trauma, it may be assumed that in- 
flammation provoked some degree of swelling in the 
already existing epidermoid cyst and stimulated the 


production of keratin materials. The congenital cyst 
would then grow to some extent and become symp- 
tomatic. 


Intracordal epidermoid cysts have certainly ex- 
isted for a long time but were infrequently reported 
most likely because diagnosis is difficult. The first 
clue for the experienced phoniatrician is the acous- 
tic quality of the voice. However, the difficulty is 
that very often no cyst is visualized at indirect lar- 
vngoscopy; one sees normal cords or a slight en- 
largement of one cord (Fig 1A), or some degree of 
inflanmation on one side (monochorditis), or even 
the contact lesion on the opposite cord. In that case, 
the patient may be operated upon for a unilateral 
nodule. The correct diagnosis is often missed be- 
cause the cyst itself is not visible. If there is a lack of 
vibrations at stroboscopic examination, the diagno- 
sis may be strongly suspected. The clinical aspect of 
the evstic cord maybe easily explained. Even if the 
epidermoid intracordal cysts are relatively small 
(their size may vary from approximately 1 to 4 
mm), the cordal epithelium over the growing cyst 
becomes tense and its free movement over the vibra- 
ting cord becomes impaired. Because of abnormal 
vibrations, the patient experiences some difficulty 
in producing normal sounds since cords are strained 
during speech. Since the lesion remains and does 
not subside by itself, some tension is added in the 
phonatory mechanism every time a sound is made. 
The cystic cord often becomes inflamed because of 
the persisting process of tension. In addition, the 
opposite cord may develop a thickening which may 
evolve into a nodular formation. 


CONCLUSION 


Epidermoid intracordal cysts are not a rare entity 
although they are not frequently reported in the lit- 
erature. With the sophistication of microlaryngeal 
instrumentation, they have become more easily ac- 
cessible. The diagnosis remains difficult; the his- 
tory-taking must be carefully obtained and special 
attention must be given to long-standing stable 
dysphonia. Also the character of the dysphonia 
itself is an important diagnostic element particular- 
lv to a trained ear. A lowered tonality with a husky, 
hoarse, desonorized quality, and a voice getting 
easily tired and produced with effort should alert 
the phoniatrician. 


At indirect laryngoscopy the fact that nothing 
much can be seen to explain the audible dysphonia 
is a clue in itself. A unilateral cordal enlargement or 
inflammation (monochorditis) should be suspected. 
Furthermore, if the glottal slit is oval, the suspicion 
of a cyst is enhanced. Stroboscopy confirms the 
suspicion; a decrease or absence of mucosal vibra- 
tions on a phonating cord is an abnormal clinical 
finding, indicating disease within the cord. Unless 
this is related to a scar from previous surgery or 
trauma, the nonvibrating cord should be surgically 
explored. 
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Differential diagnosis remains to be mace with a 
nonspecific monochorditis and a vocal cord sulcus: 
these entities may all be easily confused. A nonspe- 
cific monochorditis, without an intracordal mass, 
sheuld not show a lack of vibration at stroboscopv. 
Also it would be expected to subside with the proper 
medical treatment. 


The symptoms and signs of vocal cord sulcus bear 
strong resemblance to "those of intracordal cysts. 
Acoustically, male vocal UA in salcus is 
generallv elevated while is lowered in cysts; 
female vocal tonality is e" ered with DO sulcus 
and er sometimes a Po may be s n JD 


& 


direct E. Corda E E may valo 
be seen and stroboscopic examination may show a 
diminished vibratorv pattern. Even if an experi- 


enced phoniatrician usually can make the differen- 
tial diagnosis. surgical exploration confirms the 
final diagnosis and is indicated in both instances. 
Once the presence of the cyst is clinically estab- 
lished, it is usually impossible to be sure of its 
histologic structure. It may be a retention cyst or an 
epidermoid cyst. The retention cyst tends to be 
larger than its epidermoid counterpart and thus is 
more evident at diese laryngoscopy. The diagno- 
sis is, end more p made, zu the tinal histolog- 


ada iere is the treatment E ich com- 
bined with vocal reeducation support for vocal im- 
provement. This aspect is especially important for 
professional voice users. If surgery is refused by the 
patient, vocal reeducation mav bring some vocal 
improvement especially if it aims at diminishing >the 
vocal effort, but the dysphonia will persist and the 
forcing habits may well recur. 
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PATHOLOGY OF JUGULAR FORAMEN NEUROFIBROMA 


RICHARD R. GACEK. MD 


SYRACUSE, NEW YORK 


Tumors of jugular foramen may closely resemble glomus jugulare tumors clinically and radiographically. A tissue diagnosis is 
necessary to make a differentiation of these tumors. This conclusion is supported by the findings in a temporal bone from a patient who was 
diagnosed clinically as having a glomus jugulare tumor 57 vears before her death at the age of 84 years. Compression of the 7th and 8th 
cranial nerves in the internal auditory canal and the 10th and 11th cranial nerves at the jugular foramen represents the mechanism of 
neural signs produced by a neurofibroma arising in the jugulare foramen. This case further demonstrates that conservative treatment of 
benign extradural tumors may be compatible with a long and useful life. 


INTRODUCTION 


The most common benign tumor arising in the 
jugular foramen and middle ear is the glomus jugu- 
lare tumor.'* Since the differential diagnoses vary 
from anatomical variants to malignant tumors, a 
number of clinical entities may simulate the glomus 
jugulare tumor.? Most of these conditions can be ex- 
cluded from the differential diagnosis by careful 
clinical and radiographic examination. However, a 
small number of benign neoplasms arising in the 
jugular foramen are so similar in their clinical and 
radiographic appearance that an accurate diagnosis 
can only be made by tissue biopsv.^ Since the treat- 
ment of these tumors varies greatly, precise diag- 
nosis is essential. 


The present case report illustrates this point by 
providing histological verification of a neurofi- 
broma in the temporal bone specimen from a pa- 
tient who demonstrated the clinical presentation of 
a glomus jugulare tumor’ 57 vears prior to death. 
This temporal bone not only underscores the clini- 
cal similarity of these two tumors, but also demon- 


= 


Fig. 1. Coronal tomogram demonstrating osteolytic lesion 
(T) arising in jugular foramen and compressing internal 


auditory canal (IC). V - Vestibule: EC - External auditory 
canal: PF - Posterior fossa. 





strates the mechanism by which various neurovas- 
cular deficits are produced and the fate of a neurofi- 
broma not surgically excised. 


CASE. REPORT 


The patient was a female who in 1921 at the age 
of 25 vears first noted a change in her singing voice 
in that there was a loss of the ability to reach high 
frequencies. She had also complained of slight im- 
balance and a mild loss of hearing in the right ear. 
In 1923 because of a facial weakness which had oc- 
curred over a 6-week period, the patient was evalu- 
ated by Dr. H. Cushing who found a complete right 
facial paralysis, in addition to paralysis of the 9th, 
10th and 11th cranial nerves. On the basis of a clini- 
cal suspicion of a cerebellopontine tumor, the pa- 
tient received three radiation treatments (total ap- 
proximately 500-1000 rad). Following this treat- 
ment. the facial paralysis improved but the remain- 
ing cranial nerve deficits were unchanged. 


The patient was followed in subsequent vears 
with supportive medical treatments consisting of 
decongestants and allergy treatments. Radiogra- 
phic evaluation demonstrated an osteolytic lesion of 
the jugular foramen with narrowing of the internal 
auditory canal (Fig. 1). During that period of time. 
the patient noted a progressive right-sided hearing 
loss (Fig. 2) and intermittent unsteadiness. Caloric 
testing demonstrated no response to ice water in the 
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Fig. 2. Composite audiogram summarizing progressive 
right sensorineural hearing loss. 
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Fig. 3. Low power photomicrograph demonstrates tumor 
(T) at about the same level as shown radiographically in 
Fig. 1. There is compression of lumen of jugular bulb (JB). 
ME - Middle ear: N - Nerves in jugular foramen. 


right ear and a normal response on the left. The pa- 
tiert died August 15, 1980, at the age of 84 vears 
from arteriosclerotic heart disease. The rizht and 
left temporal bones were removed four hovrs after 
death and placed in Heidenhain-Susa fixative. Both 
temporal bones were processed in routine fashion 
for histological preparations. The right temporal 
bore was sectioned in a vertical plane transverse to 
the long axis of the petrous pvramid in order to 
demonstrate the relationship of the jugular foramen 
to the labvrinth while the left temporal bone was 
sectioned in the conventional horizontal plane. The 
left temporal bone was normal. 


Fight Temporal Bone. Examination of tae right 
temporal bone revealed a pale-staining. relatively 
acellular neoplasm occupving the region of the jug- 
ular foramen and expanding the periosteal bone 
laver medially toward the posterior fossa and super- 
iorhv toward the labyrinth and the internal auditory 
canal (Fig. 3). The floor of the internal auditory 
canal was elevated. compressing the neural struc- 
tures in the canal. The bony labyrinth was intact. 
The lumen of the jugular bulb was markecly com- 
pressed by the tumor but the other nerve st-uctures 
in the jugular foramen appeared normal (Fig. 3). 
The tumor mass had a central area of necrosis and 
was permeated by a great number of vascular chan- 





Fig. 4. High power photomicrograph taken from cellular 
areas of tumor. Spindle-shaped cell nuclei show tendency 
toward pallisading characteristic of neurofibroma. 


nels containing trapped red blood cells. The 
makeup of the tumor was primarily by spindle and 
ovoid shaped cell nuclei separated in many areas by 
collagenous and loose fibrous tissue. In the 
peripheral portion of the tumor, the cell nuclei 
displayed a tendency toward pallisading (Fig. 4). 
These histological features are consistent with a 
neurofibroma. It was not possible to identify the 
origin of the tumor. The margins of the tumor adja- 
cent to the hypotympanum and the dura of the pos- 
terior cranial fossa showed retraction suggesting 
collapse or shrinkage of the tumor. 


Evaluation of the Labyrinth. The area of stenosis 
in the internal auditory canal occurred at the glial 
portion of the eighth nerve and there was almost 
complete degeneration of nerve fibers in the 
Schwann cell portion of the nerve to the bony la- 
byrinth. There was almost total loss of spiral gang- 
lion cells in Rosenthal's canal with only a few re- 
maining ganglion cells devoid of processes (Fig. 5). 
Bundles of nerve fibers representing the efferent 
olivocochlear bundle were seen traveling tangen- 
tially in Rosenthal’s canal (Fig. 6). The organ of 
Corti and accessory structures in all turns appeared 
normal. 


The vestibular ganglion was almost totally de- 
generated with the remaining ganglion cells dis- 
playing a truncated appearance (Fig. 7). The bony 
channels in the labyrinth wall were almost devoid 
of nerve fibers with only small caliber nerve fibers 
scattered throughout (Fig. 8). The scattered ap- 
pearance of these fibers is consistent with the distri- 
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Fig. 5. Medium power photomicrograph 
shows atrophic cochlear nerve (CN) dis- 
tal to compression of its glial segment (G) 
by tumor (T). There is complete loss of 
spiral ganglion cells (arrow) with normal 
organ of Corti. 


bution of the efferent vestibular fiber pathway. All 
vestibular end-organs contained a normal comple- 
ment of sensory and supporting cells (Fig. 9). 


The facial nerve was compressed in the medial 
portion of the internal auditory canal with some 
disarray of nerve fibers just lateral to the point of 
narrowing. These fibers then formed a slightly 
smaller facial nerve in the distal portion of the in- 
ternal auditory canal. The tympanic portion of the 
facial nerve showed a separation of several fascicles 
containing a slightly diminished number of facial 
nerve fibers. The vertical portion of the facial nerve 
consisted of a single fascicle with a normal density 
of sensory nerve fibers and a diminished number of 
motor axons (Fig. 10). 


DISCUSSION 


Clinical Presentation. The pathology of the tu- 
mor found in this temporal bone is consistent with a 
neurofibroma. Neurofibromas or schwannomas 








may arise anywhere in the body where myelinated 
nerve fibers exist. In the head and neck region, they 
are reported more frequently in the parapharyngeal 
space (cranial nerves IX, X. and sympathetic) and 
in the internal auditory canal from the eighth 
nerve, *'? Large schwannomas of the facial nerve 
often present as a middle ear neoplasm while small 
facial nerve tumors may only produce facial paraly- 
sis. However. neurofibromas or schwannomas aris- 
ing from the nerves of the jugular foramen may 
form either a cerebellopontine angle tumor'' ^ or a 
tumor of the jugular foramen.*''* 


Two cases of jugular foramen schwannoma pre- 
senting as a glomus jugulare tumor were reported in 
1976.* This variety of schwannoma may mimic the 
glomus jugulare very closely both clinically and ra- 
diographically; tissue diagnosis is necessary for this 
differentiation. The present case report again 
demonstrates the similarity of the glomus jugulare 
tumer and neurofibroma arising from the jugular 


Fig. 6. Medium power view of cochlea 
shows tangentially coursing nerve fibers 
of olivocochlear bundle (arrows) in 
Rosenthal’s canal which is devoid of 
ganglion cells. SV - Scala vestibuli; ST 
-Scala tympani. 
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Fig. 7. Scarpa's ganglion showing marked loss of vestibular 
canglion cells and loss of neuronal processes. 


foramen. The differentiation of these two lesions 
emohasizes the need for accurate diagnosis before 
treatment is recommended. The pathology of the 
ner rofibroma in the present temporal bore speci- 
mea supports additional clinical and radicgraphic 
findings which may distinguish between these two 
necplasms prior to biopsy. Although arteriography 
shows a vascular supply from the ascending pharyn- 
geal artery to both tumors, there is a muca richer 
flush with the glomus jugulare tumor. Collapse of 
the internal jugular vein secondary to compression 
of the jugular bulb by the neurofibroma has been 
noted surgically® as well as in the present temporal 
bore. On the other hand, in the presence of the glo- 
mus jugulare tumor, the internal jugular vein is 
usually of normal size or mav be enlarged bv intra- 
luminal extension of a tumor mass. The diameter of 
the vein can be assessed during the venous phase of 
arteriography or by venography. 


Fathology. Neurofibromas arising within the jug- 
ular foramen produce clinical defects by compres- 
sior of the vascular and nervous structures in this 
region.*'''? The early signs are produced by com- 
pression of the 9th, 10th and 11th cranial nerves in 
the foramen. Probably the most symptomatic of 
these is the tenth cranial nerve where voice change 
is usually the earliest clinical symptom. This was 
observed in the present case as the initial presenting 
svmzptom. Palatal weakness as a result of cranial 
nerve IX compression and atrophy of the sternoclei- 





Fig. 8. Singular cana: contained scattered small caliber 
vestibular nerve fibers (arrows). 


dcmastoid muscle as a result of paralysis of the 11th 
cranial nerve are not usuallv noticed until the pa- 
ra ysis has become complete. Central nervous sys- 
tem signs suggesting compression of the jugular 
bulb and collapse of the internal jugular vein are 
not observed because of venous flow through the 
coatralateral sigmoid sinus. 


Probably the most distressing clinical symptoms 
are related to involvement of the seventh and eighth 
cranial nerves because of compression of these nerves 
in the internal auditory canal or the cerebellopon- 
tine angle by an expanding tumor." The present 
case demonstrates compression of the internal audi- 
tory canal as a result of displacement of the inferior 
well by the expanding solid tumor mass. Arising in 
the jugular foramen. the tumor extended through 
areas of the temporal bone which offer the least 
resistance (bone marrow, air cells) and destroys the 
periosteal bone by compression. The bony labyrinth 
wall demonstrated its resistance to tumor compres- 
sioa or invasion, thereby protecting the labyrinth. 


Neural Deficits. This temporal bone specimen 
demonstrates the response of sensory and motor 
neurons to the effect of a compressive lesion of the 
internal auditory canal. The site of compression of 
the eighth nerve was located in the glial segment 
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Fig. 9. Despite marked degeneration of vestibular nerve fi- 
bers, sense organs were normal as illustrated bv crista am- 
pullaris. 


where the axons of the vestibular and cochlear bi- 
polar neurons are located. The resulting retrograde 
degeneration with preservation of auditorv and ves- 
tibular end-organs is typical of a neural or retrolab- 
vrinthine lesion. It has long been known that pri- 
mary cochlear neurons readily (within one month) 
undergo this reaction following injurv to their axons 
or dendrites.'^ However, the vestibular bipolar neu- 
ron has been previously thought to resist such retro- 
grade death. Experimental observations regarding 
this behavior of vestibular neurons have been based 
on survival times of one to several vears. The long 
survival period of 57 vears in this case suggests that 
a longer period may be necessary to evaluate the re- 
trograde degeneration of vestibular neurons. 


The clinical features of a progressive retrococh- 
lear and retrovestibular lesion are well demon- 
strated in this case. The auditorv deficit was char- 
acterized bv a loss of speech discrimination out of 
proportion to the frequencv threshold elevation. If 
speech testing had been performed in earlier hear- 
ing tests, it is likelv that some loss of speech discrim- 
ination would have been detected which could ac- 
count for the hearing loss noted prior to 1941. The 
rather equal threshold elevation of the frequencv 
spectrum over a period of more than 20 vears is also 
characteristic of a progressive loss of neurons in the 
cochlear nerve. 


The vestibular symptoms resulting from a slow 
destructive process of the vestibular nerve ranged 
from slight unsteadiness to intermittent mild or 
moderate dizzv spells which were not incapacita- 
ting. Although there was no response to an ice 
water caloric stimulus in the right ear in 1959, the 
patient continued to experience dizziness and 
unsteadiness bevond that date. The combination of 
the presence of svmptoms in the absence of 
vestibular function emphasizes the inadequacv of 
the caloric test as a complete indicator of labvrinth 
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Fig. 1). Facial nerve near pyramidal bend showing slight- 
ly decreased number of motor axons (M) while nervus in- 
terme lius component (S) is normal. 


func&oa. Otolith function as well as some neural 
supply to the cristae is not measured by the caloric 
stimulus. 


Metcr neurons are more resistant to compression 
and have a greater regenerative capacitv. The ef- 
ferent neurons to the cochlea and vestibular end- 
organs were preserved in this case. The small size 
and location of the remaining nerve fibers in this 
specimen are similar to the experimental demon- 
stratior of the efferent cochlear" and vestibular'* 
systems. These observations support the conclusion 
that manv of the peripheral axons present in this 
labvrinth belong to the human efferent labvrinth 
pathwey. It is possible that these efferent neurons 
escaped significant compression because of their 
central location in the vestibular nerve trunk. How- 
ever. it is also possible that thev regenerated follow- 
ing compression in the internal auditorv canal. 


The facial nerve also demonstrated this behavior 
of motor neurons. Despite unrelieved compression 
sufficient to cause complete facial paralvsis in this 
patient, there was excellent anatomical regenera- 
tion of the facial nerve axons bevond the point of 
compression (Fig. 10). The degree of facial muscle 
functicn depends on precise regeneration of axons 
to thei- previous regional muscle's end-plates. Since 
it is now conclusively shown that facial motor axons 
are intermixed throughout the entire temporal 
course of the facial nerve??? it is inevitable that a 
disorganized, mass movement of facial muscles re- 
sults from facial nerve regeneration. 


PATHOLOGY OF JUGULAR FORAMEN NEUROFIBROMA 


treatment. The treatment of glomus tumors and 
nevrofibromas differs. Glomus tumors are treated 
surgically if possible and radiation therapy is re- 
served to manage residual tumor or those tumors 
that are nonresectible. It is believed that the radia- 
tion effect is on the small blood vessels rather than 
the tumor cells. Neurofibroma tumor cells (Schwann 
cells and fibroblasts) are believed not to be respon- 
sive to radiation therapy. Surgical excision has been 
the treatment of choice. However. radiation ther- 
apy may also reduce the size of a neurogenic tumor 
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bv its effect on small blood vessels. It is possible that 
the clinical improvement in the present case is ex- 
plained by the histological appearance of a shrunken 
tumor with a central zone of cvstic degeneration 
waich may have resulted from a loss of blood supply. 
O^ course. it is also possible that the tumor under- 
went a spontaneous degeneration unaffected by the 
radiation therapv. Finallv, this case demonstrates 
that withholding surgical treatment of these tumors 
is consistent with a long and useful life. 
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TEMPORAL BONE FINDINGS IN CASES OF SALT WATER DROWNING 


GEORGE KELEMEN. MD 


Los ANGELES, CALIFORNIA 


The otologic literature contains no description of the histopathological features of temporal bones of persons who perished in drown- 
ing accidents. Three temporal bones from two fatal cases of drowning were studied in serial sections. Two temporal bones were from a 
man aged 31 years who collapsed after scuba diving and died three days later. One temporal bone was from a 32-year-old man, serving in 
the navy, who drove his car, probably accidentally, into the sea and drowned im it. Histopathological findings appeared to be similar in the 
two cases. Diffuse hemorrhage was evident throughout the middle ear and inner ear. The tympanic and round window membranes ap- 
peared to be intact although hemorrhage had occurred within the tissue layers of the membranes. This finding contrasts with observations 


of ruptured membranes by other investigators. 


The ear can be seriously affected in drowning and 
diving accidents. Diving sequelae have been widely 
studied, but the otologic literature contains no 
reports on the histopathological findings in the tem- 
poral bones of persons who died in drowning ac- 
cidents. Two relevant case studies are presented. 


CASE REPORTS 


Case 1. A 31-year-old man had been scuba diving approximate- 
lv 30 to 40 minutes in about 4.5 to 9 m of water. On snorkeling to 
shore he was reported by his partner to have developed gasping 
respiration. At the shore he appeared to be cvanotic and pulseless. 
Mouth-to-mouth respiration was started. and his color improved. 
The ambulance arrived within ten minutes and resuscitation was 
started. He was taken to the San Pedro Peninsula Hospital where 
an esophagaeal airway was established. Both pupils were dilated 
and fixed and intubation produced coarse breath sounds. The 
heart action was regular. Neurological examination revealed ab- 
sent reflexes and no response to pain stimulation. His blood pres- 
sure fluctuated, rising to between 50 and 130 mm. Hg. He died on 
the third dav of hospitalization. 


Case 2. A 32-year-old man returned to his unit at the Oakland 
Naval Base after dark and drove his car into the ocean. It was not 
possible to establish suicidal intent or intoxication. The car was 
found promptly, but the body was recovered considerably later 
some distance from the car. 


HISTOPATHOLOGICAL FINDINGS 


The temporal bones in this study were processed 
by the usual celloidin embedding procedure after 
decalcification. Sectioning was in the midmodiolar 
plane and every tenth section was stained with 
hematoxylin-eosin. 


Case 1. In the right ear the external canal was 
free but blood was noted in the inner surface of the 
otherwise intact tympanic membrane and in all 
spaces of the tegmen containing a dilated subar- 
cuate artery. Blood occupied the middle ear and the 
oval window. The shape of the inner ear was nor- 
mal, but there was some hemorrhagic infiltration. 
The round window membrane was intact. The se- 
micircular canals and the inner meatus contained 


blood and the dilated endolymphatic duct showed 
hemorrhagic infiltration. 


In the left ear, all pneumatic spaces of the tegmen 
and of the middle ear were filled with mucous fluid 
and blood. The endolymphatic duct was dilated. 
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Fig. 1. Hemorrhage into modiolus. Extravasated blood can 
be seen among ganglion cells (large arrow) and around 
artery (small arrow). (H and E, x73) 


From the House Ear Institute (Eccles Laboratory) and the Otologic Medical Group, Inc, and the University of Southern California School of Medicine, 


Los Angeles. 


REPRINTS — George Kelemen, MD, House Ear Institute, 256 South Lake Street. Los Angeles, CA 90057. 
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The tympanic and round window membranes were 
preserved, 


Case 2. All pneumatic spaces of the tegmen were 
filled with blood. Blood was noted within the intact 
tympanic membrane. The subarcuate artery was 
dilated. Blood surrounded the incudomalleal joint 
and all pneumatic spaces around the micdle ear. 
The endolymphatic duct was dilated. In the inner 
ear, the Reissner membrane bulged into the apical 
scala media; otherwise the membrane was straight. 
The congested vascular stria was detached from the 
bony wall. The macula sacculi were also detached 
fram the bony wall. Blood was found in the endo- 
lymphatic sac near the vestibular aqueduct. The 
round window membrane was intact. Blood was al- 
so present in the internal meatus. 


in summary, both cases showed evidence of hem- 
orrhage in the middle ear space and in the inner 
ear; in case 2 blood was seen in the external ear also. 
Both round and oval window membranes were hem- 
orrhagic but intact in these cases. 


The right sides in both cases 1 and 2 were basical- 
lv identical. The left sides varied, with case 1 show- 
ing evidence of probable serous panotitis. This con- 
dition may have blocked the hemorrhaging. 
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Fig. 2. Hemorrhage into mucosa 
of mastoid air cell (arrow). (H and 


B. Xi) 


DISCUSSION 


Hemorrhage has been recognized as the principal 
pathological finding in drownings reported in the 
literature as well as in these cases." " Farmer et al? 
noted the perilymphatic space of the inner ear was 
hemorrhagic after diving. The pathogenesis of these 
ceses is related to air bubbles blocking capillary cir- 
culation and resulting in hemorrhage when the cap- 
illary walls begin to leak. 

Whether this mechanism operates in drowning 
accidents cannot be accurately ascertained. The ap- 
perent panotitis on the left side in case 1 may have 
plaved some role in the process. It is most interest- 
inz to note that, in contrast to some reports, neither 
the tympanic nor the round window membrane was 
ruptured although bleeding occurred within the 
layers of these membranes." Schuknecht’? men- 
ticned the possibility of round window damage dur- 
in» scuba diving. Miriszlai and Sandor'' noted that 
perilymphatic fluid pressure increased around the 
ruptured round window membrane in experimental 
cats. 

The significant histopathology in the two cases 
presented is in the middle ear and mastoid. Figures 
] and 2 illustrate that gross hemotympanum, but 
not necessarily membrane rupture, are pathogno- 
monic for drowning. 


ACKNOWLEDGMENT — Thanks are due to Lt Keith M. Reynolds, MC, USN, for providing the temporal bone of case 2 and to Janetta Paladini for the 


preparation of this manuscript. 
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NINCDS NOTES* 


NEW NINCDS DIRECTOR APPOINTED 


Dr. Murray Goldstein, an assistant surgeon general in the Public Health Service, has been named Director of the National Institute of 
Neurological and Communicative Disorders and Stroke (NINCDS). National Institutes of Health Director Dr. James B. Wyngaarden an- 
nounced the appointment on December 23, making Dr. Goldstein the Institute's fifth director since its establishment in 1950. 


Dr. Goldstein has been acting director of NINCDS since February 1981. In a 23-vear career with the Institute, he also served as 
NINCDS deputy director (1978-1981); director, Stroke and Trauma Program (1976-1978); director, Extramural Program (1961-1976); 
and chief, Special Projects Branch (1960-1961). 


NINCDS TO HOLD CONFERENCE ON RESEARCH ISSUES EN POSITRON EMISSION TOMOCRAPHY 


The National Institute of Neurological and Communicative Disorders and *troke will sponsor a scientific conference on research issues 
in positron emission tomography, to be held at the National Institutes of Heath, Bethesda, Maryland, June 16-17, 1983. 


Participants will explore future trends in applying PET to the study of neurological disorders. New and unpublished data will be 
presented. The conference will provide a forum for identifying problems that limit progress in PET research, and for considering possible 
solutions. Sessions will focus on three main topics: technical aspects of isotope synthesis and imaging; definition of normal functions by 
PET; and evaluation of abnormal and diseased states. 


Michael D. Walker, MD, director of the NINCDS Stroke and Trauma Program, is conference chairman. Chairing the three scientific 
sessions are Martin Reivich, MD, University of Pennsvlvania Hospital, Philadelphia, Pa; Alfred Wolf, PhD, Associated University, 
Brookhaven National Laboratory, Upton, NY: and Henry Wagner, MD, Johns Hopkins University, Baltimore, Md. 


Further information and advance registration forms are available from Zekin Shakhashiri, MD, Office of Planning and Analysis, 
NINCDS, Bldg. 31, Room 8A-03, Bethesda, MD 20205. 


NEW STUDY QUESTIONS EAR DISEASE TREATMENT 


A recent study has found that decongestant and antihistamine compounds, one of the most popular drug treatments prescribed for 
otitis media with effusion (secretorv otitis media), are no more effective than a placebo. The drug treatment also causes significantly more 
side effects than the placebo, primarily mild sedation and weakness. 


Dr. Charles D. Bluestone and associates at the University of Pittsburgh conducted the study under a contract from the National In- 
stitute of Neurological and Communicative Disorders and Stroke. The 3-vear, couble-blind, randomized trial evaluated a combination of 
an oral decongestant (pseudoephedrine hydrochloride) and antihistamine (chierpheniramine maleate). The drugs, either separately or in 
combination, are widely prescribed, as well as being available without prescription in drugstores. 


In the study, 553 infants and children who had otitis media with effusion completed a 4-week course of either decongestant- 
antihistamine therapy or a placebo. Of 278 patients treated with the drug, oniv 69 (about 25%) had no otitis media in either ear after 4 
weeks of treatment. The 275 children who received the placebo had nearly identical results: 67 (about 24%) with no otitis media in either 
ear. Neither the age of the children nor the length of time they had otitis mecia affected the trial results. 


The investigators conclude that oral decongestant-antihistamine combinations "do not appear to be indicated for the treatment of 
otitis media with effusion in infants and children." Results of the study were published in the New England Journal of Medicine 1983; 
308(6)297-301. 


pA 


* This information is prepared monthly by the Office of Scientific and Health Reports. National Institute of Neurological and Communicative Disorders 
and Stroke, National Institutes of Health, Building 31, Room A806, Bethesda MD 20205, £301) 496-5924. 
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NASOPHARYNGEAL MASSES IN ADULTS 


STEVEN B. HOPPING, MD 
MAX L. GOODMAN, MD 


JEANNE D. KELLER, MD 
WILLIAM W. MONTGOMERY, MD 


Boston, MASSACHESETTS 


Nasopharyngeal masses in adults present a perplexing problem because of the concern for malignancy. A retrospective review of the 
records, radiographs and biopsy histology of 57 patients presenting in one vear with nasopharyngeal masses at the Massachusetts Eye and 
Ear Infirmary suggests that persistent pain, epistaxis, trismus, or cervical mass are uncommon in patients with benign histology and should 
alert the clinician to the probability of malignancy. 4 high index of suspicion on the part of the clinician is essential for the successful 
recegnition of early lesions. The roles of conventional -adiography, polytomography, and computed tomography scans are discussed. Pa- 
tients with malignant lesions are contrasted with thos> having benign lesions. 


INTRODUCTION 


The poor pregnosis for patients with nasc pharyn- 
geal carcinoma (NPC) is principally due to its ad- 
vanced stage at the time of diagnosis. In an effort to 
gain further insight into the diagnostic problems 
posed by nascpharyngeal masses in adults, the 
charts and radiologic studies of all patients hospi- 
talized for possible nasopharyngeal malignancies at 
the Massachusetts Eye and Ear Infirmary in 1978 
were reviewed. This year was arbitrarily selected to 
previde a sampling of our current experience with 
nasopharyngeal masses and more specificaily with 
nasopharyngeal malignancies. Of the 57 patients 
studied, all had nasopharyngeal biopsies wich histo- 
logic examinations. The 37 patients with benign le- 
sions and the 20 patients with malignant lesions 
were contrasted for distinctive clinical and radio- 
logic findings that might lead to the earlier detec- 
tion of NPC. Techniques of biopsy, tissue handling 
anc histological considerations important for the 
suceessful diagnosis of NPC are reviewed. 


METHODS 


Tke medical records, radiologic studies, and histologic slides of 
97 patients seen at the Massachusetts Eye and Ear Infirmary in 
1978. with suspected nasopharyngeal malignancies were reviewed. 
Excladed from the study were patients with an established diag- 
nosis of nasopharyngeal carcinoma, adenoiditis, and juvenile an- 
giofioroma. Data included presenting symptoms, interval to diag- 
nosis. physical findings, stage of neoplasm at presentation, histo- 
logic diagnosis, response to treatment, and results of zadiologic 
studies. 





The radiologic examinations included lateral and basa views of 
the nasopharynx, frontal and lateral pluridirectional tomograms, 
and eomputed tomography (CT). The nasopharyngeal thickness 
was compared on lateral films. The posterior wall soft tissue 
thickness was determined on a plane extending from the posterior 
edge of the soft palate to the anterior lip of the foramen magnum. 
The soof soft tissue thickness was measured on a plane extending 
from the skull base along the posterior pterygoid margin to the 
posterior edge of the hard palate. 


All biopsies were performed under general anesthesia in a ma- 


ane ees wee ae 


jor operating room suite. There were no recorded operative or 
pestoperative complications. 


RESULTS 


The presenting symptoms in this study are de- 
picted in Table 1. In both groups, serous otitis 
media was the most common complaint. Nasopha- 
ryngeal symptoms and pain were more frequently 
seen in the malignant cases. Bleeding and trismus 
were present exclusively in the malignant group. 
There were no patients with cranial neuropathies in 
this series. Cervical masses were among the present- 
ing symptoms in 7 of 37 of the benign patients and 
in 9 of 20 of the malignant patients. In the benign 
group, four of these seven neck masses proved to be 
malignant processes unrelated to nasopharyngeal 
carcinoma, emphasizing the concept that neck 
masses in adults are malignancies until proven 
otherwise. 


In patients with malignant disease, serous otitis 
media was the most frequent earliest presenting 
symptom followed by nasopharyngeal obstruction, 
pain, and bleeding. Although 9 of 20 patients had 
cervical metastases by the time of diagnosis, this 
was the earliest presenting symptom in only one pa- 
tient. 


The time interval from presenting symptoms to 
histologic diagnosis varied in the benign cases from 
two weeks to two years. The mean interval to diag- 
nosis in the malignant group was seven months 
(range 3-18 months). In 5 of 17 patients, the inter- 
val to diagnosis exceeded 12 months. In this group, 
four had either invasion of the skull base or cervical 
metastases at the time of diagnosis. 


Five patients in the benign group who lacked na- 
sopharyngeal masses had biopsies because of symp- 
toras of serous otitis media or cervical masses. Six 
patients had clinical masses unconfirmed by x-ray 
studies. In the malignant group, all patients had 
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TABLE 1. PRESENTING SYMPTOMS IN BENIGN AND 
MALIGNANT GROUPS 


eret P ia aa a aa a ARAL A ARA RNAI AIRE AR a aa ar I RLU anr Par tana ratam aire hervir tree ier er rr i t Ee t aaae. 


Complaints 
Benign Malignant Malignant 
Group ) | Group | Group 


coc a e ierra a i i a e 


Nasopharyngeal 





Obstruction 5 9 5 

Bleeding 0 5 2 
Otologic (SOM)* 2] 12 8 
Ophthalmoneurologic 0 0 0 
Cervical 

Mass 7 9 

Metastasis 
Pain 2 9 4 
No symptoms 3 0 v 


* Secretary otitis media 


nasopharyngeal masses and all but two had radio- 
graphic confirmation. 


The clinical stage of the primary lesion and the 
distribution of cervical metastases of the malignant 
cases in this series are depicted in Table 2 


Radiographs were available for review in 53 of 
the 57 patients. All patients had lateral and basal 
survev views. Polytomes were performed in all of 
the malignant cases and in all but ten of the benign 
cases. Four of the malignant cases had CT examina- 
tions on a newly acquired body scanner. The mea- 
surements of nasopharyngeal soft tissue thickness 
show a similar distribution in both the benign and 
malignant groups as depicted in Table 3. Neither 
the thickness nor the mucosal profile of the naso- 
pharynx on the lateral films was predictive of ma- 
lignancy. Skull base erosion, hinted at on basal 
plain films and usually not seen on the lateral pro- 
jections, was well defined by pluridirectional to- 
mography. CT examinations demonstrated the tu- 
mors prior to definitive biopsy in three patients. In 
a fourth patient, CT was used to follow the progres- 
sion of disease and accurately demonstrated exten- 
sion into the eustachian tube and cranium. 


PATHOLOGY 
Histopathologic classification of malignant tu- 
mors of the nasopharynx used in this series includes 
squamous cell carcinoma, keratinizing; squamous 
cell carcinoma, nonkeratinizing; undifferentiated 
carcinoma (ly mphoepitheliomatous type), and ma- 


lignant lymphoma (WHO classification). The bi- 
opsy results of the 57 cases are shown in Table 4. 


TABLE 2. CLASSIFICATION OF MALIGNANCIES 


IR ck RT PAS SAG RR PEG ESE POE ONSEN Oe ecc SE ET 


Primary Nodal 
. Site’ Now Involvement Now 
Ti 2 Unilateral 5 
T2 6 Bilateral 3 
T3 2 Contralatera! l 
T4 10 
Total 20 Total 9 


*American Joint Committee for Staging and End-Result Reporting. 
1978. 


Earliest Findings 


TABLE 3. THICKNESS OF NASOPHARYNGEAL ROOF AND 
POSTERIOR WALL 


RE —————————— Án ette tet A TAT, 


POEMMERURMMMIRMMMMMMMMIMMAMEFERMERDRDAVTNNMRRRRERRERERRIRUTRERERUIPRERERURARERRRERRERRNDEENEED h Ae EE EE E E ted 


Group .. Mean (mm) Range (mm) 
Row 
Benign group 12 4-27 
Malignant group 14 6-35 
Posterior wall 
Benign group 25 10-42 
Malignant group 27 1§-42 


The spectrum of malignant disease occurred in the 
expected pattern of frequency. The majority of pa- 
tients with benign histological lesions showed in- 
flamraatory changes or lymphoid hyperplasia. 


CLINICAL COURSE 


Ali the patients with malignancies were treated 
primarily with curative radiotherapy, usually a 
combination of external beam and local nasopha- 
rvngeal irradiation. In one case, a lateral rhinoto- 
my and medial maxillectomy were performed prior 
to irradiation. There were no neck dissections. 


Two-year follow-up results available in all 20 of 
the patients with malignancy are depicted in Table 
5. Sixty percent of the patients have either died of 
their malignancies or experienced recurrences. Of 
those patients without evidence of disease at two 
years. two were clinically staged at the primary site 
as T4 and one as T3 and are, therefore, at high risk 
for recurrence. 


The following case report from this series illus- 
trate: the problems that may arise in establishing a 
diagnosis of nasopharyngeal malignancy. 


CASE REPORT 


A 26-year-old male with no previous ear, nose or throat prob- 
lems developed right otalgia and fullness following descent in an 
airplane in September 1977. In October, he developed pain in his 
right eve. Ophthalmologic evaluation was normal, By November, 
tris us accompanied increasing right eye and right ear pain, but 
visualfields remained normal. He was seen by an otolaryngologist 
who diagnosed serous otitis media. Treatment regimen included 
penie:lin, dexbrompheniramine maleate (Drixoral), and codeine. 
A neurological consultation was obtained in December because of 
continued pain. The neurological examination and a head scan 
were aormal. Later in December, a hearing loss developed in the 


TABLE 4. PATHOLOGIC FINDINGS (MASSACHUSETTS 
EYE AND EAR INSTITUTE SERIES c 


a E TT A A e rrr aa n terrre rs HM ter ra rrr i ttl ruta rev rr AH tatnen 
h arnan iiaa a aAA i ianen ATTY 


Malionant 
Squamous cell carcinoma 
Undifferentiated carcinoma, 


™. 


lymphoepitheliomatous tvpe 10 
Malignant lymphoma 3 
Total — 20 

Benign 
Chronic inflammation 24 


- 


Lymphoid hyperplasia 


Mucous retention cyst 2 
Tornwaldt cyst l 
Choanal polyp l 
Normal P4 

Total — 37 
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TABLE 5. RESULTS OF TREATMENT 
(TWO-YEAR FOLLOW-UP 








Classification at Time Patients 
of Diagnosis No. Died Recurrence NED* 
Tı 2 — — 2 
T? 6 — 3 3 
T3 2 ] ] 
T4 10 4 4 2 
Totals 20 5 1 8 


*No evidence of disease 


right ear, and a second otolaryngologist diagnosed serous otitis 
media. Decongestants were used for treatment. In January 1978, 
he was hospitalized and jointly evaluated by neurology, otolaryn- 
gology and oral surgery. The diagnosis was right temporomandib- 
ular joint syndrome and treatment consisted of codeine, metho- 
carbamol (Robaxin), jaw exercises, and heat. In February 1978, 
he was seen at the Massachusetts Eye and Ear Infirmary because 
of persistent pain, trismus, hearing loss, and a 11.25 xg weight 
loss. Examination revealed serous otitis media of the right ear, 
trisraus, and a granular mass in the nasopharynx on the posterior 
lip cf the torus tubarius. A nasopharyngogram and cor ventional 
and pluridirectional nasopharyngeal x-ray studies were inter- 
preted as normal. Temporal bone polytomography confirmed 
serous otitis media in the right tympanic cavity and mastoid. A 
temporomandibular joint study showed limitation of right con- 
dylar motion. A CT scan of the nasopharynx with contrast en- 
hancement showed asymmetry of the nasopharyngeal air shadow 
with soft tissue encroachment in the region of the r:ght torus 
tubarius and obliteration of the fat plane defining the right lateral 
pterrgoid muscle (see figure). (These findings would explain the 
trismus.) There was a suggestion of bony erosion near the foramen 
lacerum on the right side. In March 1978, six months after the on- 
set cf symptoms, nasopharyngeal biopsies were obtained reveal- 
ing undifferentiated carcinoma, lymphoepitheliomatous type. 


This case illustrates a number of important features: 1) com- 
plairts of pain, especially trismus, associated with serous otitis 
med.a cannot be ignored; 2) the nasopharynx must be thoroughly 
examined in patients presenting with serous otitis media or atvp- 
ical pain; 3) a head scan does not routinely include the masophar- 
ynx; 4) plain films and polytomography can miss early nasopha- 
ryngeal lesions; and 5) computerized tomography can be most 
useful in accurately defining the extent of the lesion. 


DISCUSSION 


The presenting symptoms of the benign and ma- 
ligmant patient groups reveal several features wor- 
thy of note. Serous otitis media was the most com- 
mon presenting symptom in both groups. A history 
of epistaxis or bloody discharge was indicative of 
malignancy since it was not seen in patients with 
benign lesions. Pain was present in both groups, but 
was proportionately more frequent in the malig- 
nant group. It was the original complaint in 25% of 
these patients. In the patients with malignancy, ser- 
ous otitis media was the earliest presenting symp- 
tom encountered, followed by complaints cf naso- 
pharyngeal obstruction and bleeding. 


In 25% of the patients with malignancy (5 of 17), 
the interval from initial symptom to diagnosis ex- 
ceeced 12 months. Cervical lymph node metastasis 
was present in 9 of the 20 patients with maliznancy 
but this was a presenting complaint in only one pa- 
tient. The cervical metastasis, in most cases. devel- 
oped some time after the patient's initial complaint. 





Axial CT nasopharynx. Soft tissue thickening of the right 
posterolateral wall obliterates the right lateral pharyngeal 
recess (LR), the torus tubarius (T), and adjacent eusta- 
chian tube margins (arrow heads). The right paranasopha- 
ryngeal fibrofatty plane, seen as a low-density area on the 
normal side, is effaced by tumor. There is some thickening 
of the lateral pterygoid muscle. PS - Paranasopharyngeal 
-P e - Eustachian tube; LPM - Lateral pterygoid mus- 
cle. 


Interestingly, cranial neuropathies, a frequent pre- 
ser ting symptom in most studies of nasopharyngeal 
carcinoma, were not seen in this series. 


This study demonstrates the limitations of con- 
ventional radiographs in distinguishing between be- 
nign and malignant nasopharyngeal masses. Mea- 
surements of soft tissue thickness on radiographs did 
not distinguish between benign and malignant 
messes. Radiographs, however, can provide valua- 
ble confirmation of the presence of a mass and bone 
ercsion in advanced disease. They are important as 
survey views for planning tomography. Polytomog- 
raphy and CT scans are helpful in the accurate stag- 
ing of nasopharyngeal malignancies by defining the 
presence or absence of bony changes in the skull 
base. Malignant lesions staged as T4 erode the base 
of :he skull (American Joint Committee). In Flet- 
chers series, only one of the patients with 
nasopharyngeal malignancies eroding the skull base 
was salvaged by any form of treatment. Accurate 
stazing in each individual case is imperative for the 
prc per selection of treatment. 


Computerized tomography promises to be our 
most sensitive technique for evaluating nasopharyn- 
geel masses and should be performed, when avail- 
able, on all patients with suspected or proven ma- 
ligmancies. The modern body scanners demonstrate 
the nasopharynx in unparalleled detail in both cor- 
onzl and horizontal planes.^? Newly available soft- 
ware permits data reconstruction of sagittal and 
oblique projections. By defining soft tissue struc- 
tures, CT now makes it possible to see the relation- 
ship of tumor to mucosal surfaces and musculofacial 
planes. Orbital and sinus extension and alterations 
in bone are readily appreciated. Contrast enhance- 
meat aids in the differential diagnosis bv demon- 
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strating tumor vascularity, intracranial extension, 
vascular encroachment and nodal involvement. A 
clinician ordering CT scans of the nasopharynx 
should be aware that it cannot be demonstrated on 
the older head scanners since the skull base is the 
lowest scanning plane. A brain scan on any unit 
does not routinely include the nasopharynx. Al- 
though special positioning may demonstrate the na- 
sopharynx on the most recent models of scanners, 
the study is probably best done on a body scanner. 
The nasopharynx should be clearly indicated as the 
area of concern and the radiologist should receive a 
pertinent history. 


The clinician must remember that the differenti- 
ation between benign and malignant nasopharyn- 
geal masses depends upon histological examination, 
and therefore, accurate biopsy techniques are essen- 
tial. Transnasal biopsies using topical anesthesia in- 
vite adonat sampling of tissue with resultant 
NPC i is on the lateral wall of the nasopharynx either 
on the torus tubarius or in the fossa of Rosenmüller. 
The roof and superior posterior wall of the naso- 
pharynx are also frequent sites of involvement. Bi- 
opsies of the nasopharynx should include tissue sam- 
ples from within 1 em of the torus tubarius if obvi- 
ous tumor masses are not present. 


In considering malignancies of the nasopharynx, 
it is important to communicate the clinical prob- 
lems to the pathologist so that optimal handling of 
the specimen as to fixative and special studies can be 
performed. Frequently the histological alterations 
separating large cell lymphoma from undifferen- 
tiated carcinoma are difficult to establish une- 
quivocally. Therefore, if lymphoma is the primary 
consideration, the tissue should be submitted fresh 
for immunoglobulin cell surface makers. Electron 
microscopic studies require immediate tissue fixa- 
tion in glutaraldehyde or similar fixative. Tissue 
should always be handled delicately to avoid ar- 
tifact. 


Although not studied in this series, elevated 
Epstein-Barr (EB) virus antibody titers have been 
observed in cases of NPC, especially the lympho- 
epitheliomatous type. * Elevated EB antibody titers 
may be helpful in excluding a diagnosis of lym- 
phoma except, of course, in cases of Burkitt's lym- 
phoma. Studies are in progress to evaluate the EB 


antibody titers in NPC patients with active and con- 
trolled diseases which may reflect tumor response to 
therapy and tumor recurrence. Infectious mononu- 
cleosis can microscopically simulate lymphoma, 
especially Hodgkin disease. At least one case has 
been referred to this institution for radiation simu- 
lation in which review of the slides demonstrated a 
benign process consistent with mononucleosis. 


Results of treatment of patients with nasopharyn- 
geal malignancies is poor largely due to the ad- 
vanced stage of disease at the time of presentation. 
Fletcher’ reported an overall absolute 5-vear sur- 
vival for squamous cell carcinoma and ly mphoepi- 
thelioma of the nasopharynx to be 35 to 40%. In 
cases with unilateral node involvement, the 5. -year 
survival was 45% , and with bilateral nodes it was 
30%. Wang reported the results of irradiation in 
170 patients with nasopharyngeal carcinoma. The 
overall 5-year survival was 39%. Lederman,^ in an 
earlier series, showed a 50% survival at two years 
which fell to 13% by five years. Shanmugaratnam 
et al’ in a recent review of 363 cases of NPC from 
Singapore, reported an overall survival of 25.3% 
following treatment with radiotherapy. Wang? re- 
ported 10 of 58 T4 patients alive without evidence 
of disease five vears following treatment. In our 
series, 25% of the patients with malignancies have 
ex pired and another 35% have experienced recur- 
rences at two vears of follow-up (Table 4). 


CONCLUSION 


The earlv detection of nasopharyngeal malignan- 
cy continues to challenge the clinician. Early recog- 
nition and treatment favorably influence survival. 
Complaints of pain, epistaxis, trismus, or cervical 
mass are uncommon in the patients with benign le- 
sions and should alert the clinician to the probabili- 
tv of malignancy. The interval to diagnosis in this 
series exceeded 12 months in a significant number of 
patients with malignancies, underscoring the limi- 
tation of current techniques in establishing early di- 
agnoses. Polytomography and CT studies are rec- 
ommended when nasopharyngeal malignancy is 
suspected or diagnosed. A high index of suspicion on 
Ine part of mie clinician remains the pest ER de 
of ma ali ignancy deant. prompt i DE eval- 
uation. 
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VOCAL FATIGUE 


ERIC K. SANDER, PHD 


DANIELLE E. RIPICH, PHD 


CLEVELAND, Orao 


The phenemenon of vocal fatigue, although not well understood, is commonly considered a symptom of voice misuse. This paper 
reviews the clinical and experimental evidence linking vocal fatigue to the quality, pitch, and loudness of voice use. Other reasons for voice 
change are discussed. The paper concludes by stressing ‘he immediate clinical benefits of voice endurance testing as well as its potential ex- 
perimental contribution to a better scientific understanding of optimum ard abusive vocal behavior. 


FATIGUE AND VOICE QUALITY 


Fortunately, our tongues and soft palates are us- 
ually spared the symptoms of vocal overwork that 
so commonly afflict the larynx. Of all the organs 
used for speaking, the larvnx is unique in its suscept- 
ibility to both heard and felt fatigue. 


When the voice tires quicklv, incorrect or at least 
injudicious vocal habits are usually said tc be the 
cause. Although such an inference is strongly sug- 
gested in clinical encounter, a firm association be- 
tween vocal fatigue and specific, presumably abu- 
sive phonatory styles has vet to be scientifically 
demonstrated. Indeed, research on vocal misuse has 
scarcely progressed beyond the accumulation of ob- 
servations and case studies assembled 70 years ago 
by Moure and Bouyer. ' 

Investigating whether specific voice qualities are 
plex than it may seem. Agreement on how voice 
qualities are to be labeled is conspicuously lacking. 
And phonatery mechanisms may be dissimilar even 
when two voices appear perceptually alike. For ex- 
ample, Koike and von Leden? write that normal 
subjects cannot. strictly speaking, "simulate path- 
ological initiations because the physical concition of 
the diseased larvnx differs in essential respects from 
the normal larvnx." 


To elaborate further, a raspy voice may emanate 
from an abnormal larynx. The quality is deviant 
but not necessarily abusive to the mechanism that 
produced it. However, when the same voice quality 
is simulated (as in acting) by someone with usually 
normal voice, risks of laryngeal strain emerge since 
the muscle forces needed to simulate the cisorder 
differ from those operating in the deviant mecha- 
nism. Ironically, the opposite also holds: efforts to 
simulate a normal voice without a corresponding 
improvement in physical condition (as with nodules 
or laryngitis) may actually increase laryngeal 
strain. 


There are numerous anecdotal reports of fatigue 
or abuse associated with the deliberate imitation of 


er 
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voice quality disorders. Blakeley,’ a speech patholo- 
gis, felt that his classroom imitations of voice dis- 
orders were the most to blame for his vocal trauma 
(blateral cord edema) and the consequent hoarse- 
ness that persisted for three months. Actors with 
usaally vigorous voices unexpectedly encounter 
sirailar discomforts and vocal symptoms when they 
assume a strained rough phonatory style for char- 
acer portrayal. 


The lack of physiologic correspondence between 
natural and simulated voice abnormality may ex- 
plain some apparent literature contradictions. After 
they had agreed to simulate a tense harsh voice, 
thsee normal subjects observed by Brackett* showed 
clear evidence of fold inflammation within 5 to 15 
minutes of talking. In contrast, Sherman and Jen- 
ser? found that persons with normally (habitually) 
harsh voices showed no general evidence of vocal 
fatigue — even after 90 minutes of continuous oral 
reeding. Along much the same line, Moore* writes 
thet "a unilateral contact ulcer is known to have 
developed following a single two-minute period of 
(deliberate) low pitched grunting phonation that 
was associated with repetitive contact between the 
arytenoid cartilages.” The other side to this story is 
thet spastic dysphonics by all reports remain sur- 
prisinglv free of serious hemorrhages or ulcerations 
despite their habitually tense, hyperadducted pho- 
natory styles. 


FATIGUE AND VOCAL PITCH 


Judgments of speaking pitch bear an imperfect 
relationship to speaking fundamental frequency.’ 
Loadness, strictly speaking, should also be differen- 
tiated from intensity or sound pressure level. For 
eas? of expression, however, we take the liberty of 


*peaking pitch is usually cited as a factor in vocal 
fatigue and voice disorder. A superficial reading of 
published electromyographic laryngeal research 
sugzests a rather straightforward relationship be- 
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tween voice fundamental frequency and the degree 
of longitudinal vocal fold tension: as pitch rises, the 
sum of thyroarytenoid and cricothyroid muscle ac- 
tivity increases. Are the lowest vocal pitches, then, 
always the most hygienic, the least fatiguing in the 
muscular sense? Not at all, but there is also no rea- 
son for avoiding them entirely. At phrase endings, 
for example, even superior speakers lapse into 
pitches lower than any they can musically sustain;* 
here, the fold vibrations often slow down mainly 
because subglottal air pressure decreases, hardly a 
phenomenon to be thought of as abusive or even tir- 
ing to the larynx. 


But while low pitches may be produced without 
laryngeal strain, it is obvious that they need not be. 
An increase in isotonic vocal muscle activity, for ex- 
ample, will lower rather than raise pitch.’ It is thus 
useful to view voice fundamental frequency as an 
outcome that may or may not involve changes in the 
activity of numerous specific muscles.'? Adjust- 
ments related to the outcomes of quality and espe- 
cially intensity undoubtedly play important super- 
imposed roles. 


It is, for instance, difficult to achieve strong voice 
at the lowest end of the phonational frequency 
range. A voice pitched at its lowest becomes par- 
ticularly vulnerable to strain with attempts at loud 
voice because the burden of speaking louder near 
the frequency range bottom, unlike at higher 
pitches, falls mainly on the laryngeal muscles 
regulating glottal resistance."’ These muscles alone 
can only raise subglottal pressure so much through 
glottal resistance. If the respiratory muscles bolster 
the airflow, subglottal pressure and hence vocal in- 
tensity can of course be further increased, but then 
the rate of fold vibration will usually also quicken. 
In line with this thinking, Coleman and colleagues"? 
demonstrated that the maximum vowel intensity 
achievable by normal subjects increased as funda- 
mental frequency was allowed to rise within the 
modal register. 


As a conservative rule of thumb for deciding 
upon a least fatiguing target speaking pitch, Per- 
kins’ concludes that pitch interacts with constric- 
tion in untrained voices at points both above and 
below the lower midpoint range. Others are less 
cautious in their generalizations. Cooper,'*^"'! for 
example, unhesitatingly recommends the use of an 
atypically high pitch (he calls it a "supraoptimal" 
pitch level) for patients who ~ want immediate relief 
from their vocal symptoms.” Raising the pitch level, 
Cooper claims, “takes the pressure off the laryngo- 
pharynx and very quickly alleviates or eliminates 
the vocal symptoms.” In a contrary but more cus- 
tomary opinion, Russell'* long ago stressed the asso- 
ciation between vocal strain and the use of exces- 
sively high speaking or singing pitches. 


The topic of suitable pitch generates more discus- 
sion than research. Conflicting conjectures dressed 


as dozmas abound. Clinically, a recommended change 
in pitch may produce fortuitous adjustments that 
bring relief from vocal fatigue. But there is no con- 
vincing logical or empirical reason for believing 
that all »ersons are naturally endowed with a single 
optimum speaking pitch, that it may be located by 
some uniform formula valid for all speakers and all 
speaking occasions, and that the range of hygienic 
pitches is necessarily narrow. 


Stcne and Sharf'* have so far contributed the only 
direc: experimental evidence relating pitch level to 
vocal fatigue. In their study, higher pitched phona- 
tions lozated at points 50% and 80% up each sub- 
ject’s total range produced earlier and greater voice 
chanze (heard fatigue) than did a lower pitched 
voice condition (similar to the modal conversational 
pitch of most persons) located at the 20% point. It 
remains to be investigated whether a still lower 
pitch is typically as detrimental to the voice (if not 
more sc) than the use of a pitch that is too high. 


FATIGUE AND LOUD VOICE 


In the search for voice-damaging behaviors, none 
receives more mention than shouting or loud talk- 
ing. Surprisingly, however, only a few studies have 
seriausky documented the effects of loud voice use. 
Holbrook" reported the amount of time that 12 
teachers spent talking, daily phonation time as well 
as daily loud (75 dB and above) phonation time. For 
five days each teacher wore a portable throat mi- 
cropaoae connected to dual time meters. From this 
peried of observation, Holbrook concluded that the 
ameun: of loud talking was related more to vocal 
fatigue than the amount of talking as such. One of 
two subjects who reported frequent vocal fatigue 
and occasional loss of voice was a physical educa- 
tion teacher. His daily average of loud phonation 
time was more than double the group average; his 
total paonation time, on the other hand, was not 
remarkable. The speech clinician talked the most of 
all the teachers but also showed the least amount of 
loud talking. No symptoms of vocal fatigue were re- 
ported by her. 


Loud talking obviously affects persons different- 
ly. Case et al'* observed ten basketball cheerleaders 
who presumably faced similar loud voice demands. 
Two of the cheerleaders developed vocal patholo- 
gies while the other eight escaped them. Whether 
the voice suffers from loud use is probably not en- 
tire.y a matter of biological health or vigor. More 
than li D. vocal fatigue or its absence are also con- 
tingent on the precise behaviors employed in aug- 
menting intensity: simultaneous changes in such di- 
mensicns as vocal attack and fundamental frequen- 
cy, and the relative contributions (in effecting the 
loudness increase) of the respiratory and laryngeal 
muscu ature. 


Tae point here is that increased intensity may 
seem :o be responsible for vocal fatigue when 
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changes such as marked pitch elevation and hard 
vocal attack have also occurred. Logically, vocal 
fatigue may be prevented if intensitv is regulated 
more by respiratory than by laryngeal muscle 
forces. Some persons are understandably prone to 
fatigue if when they increase loudness they also ex- 
ert needless larvngeal strain. But their voice prob- 
lems in such instances result less from loud talking 
than from the unnecessary laryngeal hvperfunctions 
that may accompany it. 


Support for such a position comes from the previ- 
ously cited experiment by Stone and Sharf'* who re- 
quired ten normal men to phonate vowel lists at 
various pitches and intensities. Unlike their -indings 
for pitch (earlier and greater voice changes for the 
higher than for the low-pitched voice condition), 
phonating more loudly did not result in an increase 
in judged (heard) vocal fatigue. Unfortunately, 
Stone and Sharf did not standardize the vowel 
samples from which judgments of voice change 
were made: loud voice samples were used for judg- 
ing voice changes in the loud phonation condition, 
softer voice samples for the less loud conditicns. The 
objection to such a procedure is that fatigue effects 
may become masked as intensity increases, like a 
cheerleader who fails to realize how badlv she has 
"lost" her voice until she stops shouting. 


But how then to explain the findings of Sander 
and Ripich'^ who confirmed a similar lack of rela- 
tionship between loudness level and felt vocal fa- 
tigue? In this study, young men with normal voices 
were assigned loud (96 dB) or very loud (.02 dB) 
talking. Each accrued ten minutes of phonation 
time (not speaking time) by repeating a sentence at 
loudness sufficient to simultaneously activate both a 
light and digital timer. 


As a strategy for finishing in the shortest possible 
time, these subjects spoke a form of chant tak, pro- 
longing the ains that carry the primary speech 
power. Chart talk also involves a noticeable soften- 
ing of vocal initiations, significant because “no way 
of singing or speaking" may b ‘more Ode ally fa- 


When reactions e voice change and discomfort 
resulting from loud and very loud speaking were as- 
sessed by questionnaire, less than half of Sander and 
Ripich's subjects (only 4 of 12 in the very load con- 
dition) felt that their voices were less clear at the 
end compared with the beginning of the experi- 
ment. Talking more loudly did not hasten heard or 
felt fatigue. In fact, 11 of 12 subjects in the loud 
condition but only 6 of 12 in the very loud condition 
felt that speaking required more effort at the end 
compared with the beginning of the experiment. 


If, as these results suggest, the hazards associated 
with loud ta: king are avoidable, then Cooper'*!?°?! 
is right to argue forcefully against settlng for 
therapy goals that would make permanent voice 


cripples out of patients who lack the ability to pro- 
duce loud voice easily and without strain. Brewer 
and Briess's?! results from treating patients whose 
voice problems arose from constant loud speaking 
over industrial noise showed that successfully trained 
patients were reportedly able to resume their work 
and their talking in noisy environments without re- 
appearance of voice symptoms. 


EXPLANATIONS OF VOICE CHANGE 


Although widely observed, the phenomenon of 
vocal fatigue is neither well understood nor well 
doeumented in physiologic or acoustic terms. Heard 
vocal fatigue is usually assumed to be myogenic. Of 
all the laryngeal muscles, the thyroarytenoid is ap- 
parently the most important for regulating phona- 
tory style”? and the most frequently implicated in 
voice breakdown.” Protracted strained phonation 
may cause these muscles to fatigue and the cords to 
become bowed during phonation. 


In addition, misuse of the voice may create a fold 
lesion, but Harma et al^* offer evidence that in- 
cautious vocal use during infection, not a faulty 
habitual phonatory style, is the most common cause 
of vocal nodules and polyps. An interesting question 
then is why patients with known lesions of the 
larynx seem so prone to vocal fatigue. It seems likely 
that habitual patterns of voice strain often emerge 
after disease onset. Bryce? believes that the 
larengeal muscles fatigue from the additional effort 
expended to compensate for any small lesion that 
interferes with complete cord approximation. 


Fatigue that is expressed muscularly may arise for 
nevrogenic reasons. Haglund et al“ offer electro- 
mvographic evidence that many patients who com- 
plain of abnormal vocal fatigue and whose voice 
problems are diagnosed as functional are instead 
suffering from an idiopathic paresis of the laryngeal 
muscles, not obvious enough to be observ ‘ed by 
laryngoscopy. Vocal weakness with sustained effort 
may also be one of the first and only signs of myas- 
theaia gravis.” 


Speakers with usually normal voices commonly 
relate their episodes of vocal fatigue to periods of al- 
lergy Or ee 9D when is us are presumably 
voice bonis weaker or c 3 may also be- 
conse rough. Weakness or breathiness usually mean 
tha: glottic closure is short or incomplete; roughness 
usually means that the oe panem of the folds 
fluence on the muscles from pe receptors of the 
altered mucous membrane??* Or is it because the 
laryngeal muscles tire under an added workload as 
cord edema increases? A simpler but not incompati- 
ble explanation is that the loss of mucosal mobility 
asseciated with increasing cord edema impairs the 
normal glottis closing action of the Bernoulli 
effect." And when the edema is moderately severe 
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or not uniformly distributed the periodicity of fold 
vibration is disturbed.” 


The importance of fold microdynamics is sug- 
gested by the well-known fact that extended speak- 
ing often results in voice changes for the better. 
Sherman and Jensen? reported a decrease in scaled 
harshness for normal voices as a result of continuous 
oral reading; and 17 of 24 subjects in the Sander 
and Ripich'? study reported voice improvement at 
some point during their loud speaking. 


To explain this phenomenon of voice improve- 
ment with use — singers call it ^warming up" — 
Sonninen et al?' write that while unwanted edema 
is a common result of vocal misuse, a proper 
amount of tissue fluid is also apparently essential for 
achieving the best possible voice. The mobility of 
the cords is of course impaired with an excess of 
fluid, but if the cords are too dry and stiff the 
detrimental effect is similar. 


VOICE ENDURANCE TESTING 


The experimental study of vocal misuse by means 
of voice endurance testing remains largely unex- 
ploited. If vocal fatigue phenomena reflect im- 
proper voice use, they can also contribute to an 
overdue advance, from clinical conjecture to lab- 
oratory hypothesis testing, in knowledge of hygienic 
vocal behavior. 


Relating how the voice is used to how quickly or 
how severely it fatigues when stressed may be ap- 
proached from three design orientations. The first 
and most obvious approach is to identify the pre- 
sumably detrimental behaviors that separate per- 
sons whose voices fatigue rapidly for no medical 
reason from those who, though in similar speaking 
or singing circumstances, seldom experience the 
problem. The approach can also be reversed: sub- 
jects with identifiably different vocal styles, defined 
physiologically and acoustically, can be tested for 
their fatigue proneness or resistance. And finally, of 
course, there is still much to be learned from asking 
subjects to phonate in prescribed ways and then 
determining how well these voices hold up. While 
each of these design approaches has its advantages, 
a better scientific understanding of optimum and 
abusive behavior is sure to emerge if thev are pur- 
sued together. 


Meanwhile, the need remains to help persons 
whose voices fatigue from misuse, especially those 
in voice-demanding occupations. Even before Jack- 
son's? classic description of myasthenia laryngis, 
professionals have been warned to pay heed to the 
early signs of vocal fatigue that may presage a pro- 
gressive difficulty. The typical tale is that of the 
singer who, after a period of vocal stress, finds 
himself unable to strike the note accurately, or to 
hold it after striking it. These or other voice symp- 
toms may foretell future permanent impairment.” 


But if the experience of audiologists is any guide, 
the scientific search for a simple formula relating 
short-term fatigue to future vocal handicap will 
prove disappointing. In the realm of hearing, at 
least. susceptibility to temporary noise-induced 
threshold shifts does not alone isolate those persons 
most at risk for permanent hearing loss. The time 
taken for recovery must be part of the equation.” 
And so it seems with the voice. Fleeting minor 
symptoms of fatigue occur even in well-trained 
singers, such as the part tone shifts detected in notes 
sung by members of the Vienna Boys Choir after a 
two-hour period of vocal stress.?* Long recoveries 
are cause for concern. After only a brief period of 
loud voice use, Brewer and Briess's?' patients with a 
history of laryngitis from speaking above industrial 
noise needed one hour for their voices to recover 
completely as compared with 10 to 30 seconds for 
controls and patients who had undergone successful 
voice therapy. 


For patients whose voices tire rapidly but seem 
otherwise normal, the routine clinical use of voice 
endurance testing can highlight previously unob- 
served faults of voice production. There is hardly 
anything worthwhile to be learned from having 
such patients briefly read indifferent material in 
quiet unemotional voices. Those circumstances 
under which the voice tires must be duplicated or 
actually observed. Vocal fatigue phenomena offer 
the clinician the promise of a useful tool for assess- 
ing the desirability of alternate target voice goals in 
therapy. How well the voice endures is for many 
patients the most realistic way of evaluating thera- 
py success. 


REFERENCES 


l. Moure E, Bouver A. The abuse of the singing and speaking 
voice. London: Kegan Paul, Trench, Trubner, 1910. 


2. Koike Y, von Leden H. Pathologic vocal initiation. Ann 
Otol Rhinol Laryngol 1969; 75:145. 

3. Blakeley R. The practice of speech pathology. Springfield, 
Hi: Charles C. Thomas, 1972. 

4, Brackett I. A study of the growth of inflammation of the 
vocal folds aecompanving easy and harsh production of the voice. 
MA thesis, Northwestern University, 1940. 


5. Sherman D, Jensen P. Harshness and oral reading time. ] 
Speech Hear Dis 1962; 27:172-7 


6, Moore P. Organic voice disorders. Englewood Cliffs. NJ: 
Prentice-Hall, 1971:98. 


7. Laguaite J, Waldrop W. Acoustic analysis of fundamental 
frequency of voices before and after therapy. Folia Phoniatr 
(Base) 1964: 16:183-92. 


&. Pronovost W. An experimental study of methods for deter- 
minisg natural and habitual pitch. Speech Monog 1942: 9; 
111-33. 


G Harvey T, Howell P. Isotonie vocalis contraction as a 
meaas of producing rapid eae in Fo. | Speech Hear Res 
1980; 23:576-92. 


VOCAL FATIGUE 


10. Atkinson J. Correlation analysis of the physiological factors 
controlling fundamental voice frequency. J Acoust Soc Am 1978: 
63:211-22. 


11. Isshiki N. Regulating mechanism for voice intensity varia- 
tion. J Speech Hear Res 1964; 7:17-29. 


12. Coleman R, Mabis J, Hinson J. Fundamental frequency — 
sound pressure level profiles of adult male and female voices. J 
Speech Hear Res 1977; 20:197-204. 


13. Perkins W. Vocal function: assessment and therapy. In: 
Travis L, ed. Handbook of speech pathology and audiology. New 
York: Appletor-Century-Crofts, 1971. 


14. Cooper M. Modern techniques of vocal rehzbilitation. 
Springfield, IIE Charles C. Thomas, 1973. 


15. Russell C. Etiology of follicular pharyngitis, catarrhal 
laryngitis, so-called clergyman’s throat, and singer: nodes. J 
Speech Dis 1936; 1:113-22. 


16. Stone R. Sharf D. Vocal change associated with the use of 
atypical pitch and intensity levels. Folia Phoniatr (Basel) 1973; 
25:91-103. 

17. Holbrock A. Instrumental analysis and contrai of vocal 
behavior. In: Cooper M, Cooper MH, eds. Approaches to vocal 
rehabilitation. Springfield, Hl: Charles C. Thomas, 1977. 

15. Case J, Nenaber P, Beaver V. Laryngeal and vocal charac- 


teristics of university cheerleaders — a longitudinal study. 
Abstract. ASHA 1978; 20:774. 

19. Sander E, Ripich D. Vocal consequences of loud talking. 
Abstract. ASHA 1981; 23:745. 


20. Boone D*. The voice and voice therapy. Englewood Cliffs, 


NJ: Prentice-Hall, 1977:131. 


21. Brewer D, Briess F. Industrial noise: laryngeal considera- 
tions. NY State J Med 1960; 60:1737-40. 


22. Hirano M, Koike Y, Joyner J. Style of phonation: an elec- 


t 


145 


tramyographic investigation of some laryngeal muscles. Arch 
Otolaryngol 1969; 89:902-7. 


23. Jackson C. Myasthenia laryngis, Arch Otolaryngol 1940; 
32:434-63. 


-4. Harma R, Sonninen A, Vartiainen E, Haveri P, Vaisanen 
A. Vocal polyps and nodules. Folia Phoniatr (Basel) 1975; 27: 
19:25. 


-9. Bryce D. Differential diagnosis and treatment of hoarse- 
ness. Springfield, Ill: Charles C. Thomas, 1974. 


26. Haglund S, Knutsson E, Martensson A. An electromyo- 
graphic study of the vocal and cricothyroid muscles in functional 
dvsphonia. Acta Otolaryngol (Stockh) 1974: 77:140-9. 


=i. Aronson A. Early motor unit disease masquerading as 
psschogenic breathy dysphonia: a clinical case presentation. ] 
Speech Hear Dis 1971: 36:115-24. 


28. Dunker E, Schlosshauer B. Irregularities of the laryngeal 
vibratorv pattern in healthy and hoarse persons. In: Brewer D, 
ed. Research potentials in voice physiology. Syracuse, NY: State 
University of New York Press, 1964. 


29. Isshiki N. Recent advances in phonosurgery. Folia Pho- 
niatr (Basel) 1980; 32:119-54. 

J0, Moore G. Observations on laryngeal disease, laryngeal 
bekavior and voice. Ann Otol Rhinol Laryngol 1976; 85:553-64. 

sl. Sonninen A, Damste P, Jol J, Fikkens J, Roelofs ]. Micro- 
dyzamics in vocal vibration. Acta Otolaryngol (Stockh) 1974; 
18:329-34. 

«2. Froeschels E, Jellinek A. Practice of voice and speech 
therapy. Boston: Expression Co, 1941:209. 

3. Humes, L, Bess F. On the potential deterioration in hear- 
ing due to hearing aid usage. J Speech Hear Res 1981; 24:3-15. 

=f. Brunner W, Frank F. Der Einfluss einer mehrstundingen 
stimmlichen Belastung auf die Stingstimme der wiener 
Sapgerknaben. Folia Phoniatr (Basel) 1978; 30:22-7. 


WEST VIRGINIA ACADEMY OF OTOLARYNGCLOGY-HEAD AND NECK SURGERY 


The annual spring meeting of the West Virginia Academy of Otolaryngology-Head and Neck Surgery will be held May 28-30, 1983, at 
The Greenbrier. For further information contact James L. Bryant, MD, Secretary Treasurer, 125 North Sixth Street, Clarksburg, WV 
26301; (304) 623-6533. 


Ann Otol Rhinol Laryngol 92:1983 


NYSTAGMUS OF PAROXYSMAL POSITIONAL VERTIGO 


A. KATSARKAS, MD, FRCS(C) 


J. S. OUTERBRIDGE, MD, PHD 


MONTREAL, QUEBE* 


During attacks of paroxysmal positional vertigo in 12 patients. nystagmus in different gaze positions was observed visually and re- 
corded by electronystagmography (eves open, fixating). Visually observed eve movement was similar in all cases, with oblique (upward 
and horizontal) and rotatory (clockwise during leftward movement) components in the fast phase; rotation dominated on ipsilateral gaze 
‘toward the lower ear) and oblique movement dominated on contralateral gaze. However. ENG recordings showed greater variability and 
were often inconsistent with visual observation: the horizontal component often reversed with change in gaze position, and dissociated eve 
movements, as well as down-beating nystagmus, were sometimes seen. More s: »phisticated measurement and strict attention to gaze posi- 


tion is required to resolve these discrepancies. 


INTRODUCTION 


Paroxysmal positional vertigo is a syndrome char- 
acterized by recurring, sudden, brief attacks of ver- 
tigo, which are provoked by changes in head posi- 
tion. Attacks are most frequently reported on turn- 
ing from side to side in bed, or on lying down or ris- 
ing from bed, but they also occur on bending for- 
ward, or on turning the head up while standing or 
sitting. They do not last more than some seconds, 
but are frequently violent and alarming. On clinical 
examination, the paroxysm of vertigo characteristi- 
cally follows the change in head position after a la- 
tent period of some seconds, and repeated position- 
ing results in progressive reduction ("fatigue") in 
the intensitv of the paroxysm. 


Adler! described cases of paroxysmal positional 
vertigo in 1897, but it was Barany? who, in 1921, 
first gave a detailed description of the attack and 
tried to explain the pathophysiologic mechanism. 
Borries? appears to have been the first (1925) to de- 
scribe a positioning maneuver to elicit an attack. 
Dix and Hallpike* in 1952 reported a large series of 
cases, called the condition "positional nystagmus of 
the benign paroxysmal type. and described the 
well-known "Hallpike maneuver" for positioning 
the patient so as to elicit an attack. Stenger^ de- 
scribed a number of cases in which the attack oc- 
curred when the patient was moved quicklv from 
the sitting to the head-hanging position without the 
concomitant head turning which is part of the 
Hallpike maneuver. Stahle and Terrins® studied a 
series of 80 cases, using both clinical and electronvs- 
tagmographic (ENG) examination, and suggested a 
classification scheme based on the type of position- 
ing maneuver which elicited an attack and on the 
direction of the nystagmus. A study of clinical and 
routine ENG findings in 255 cases seen bv one of us 
(AK) has recently been reported." 


Sud by ihe Medical Rh h C "ouncil of C NM 


The nystagmus observed during the paroxysmal 
attack has a prominent rotatory component, com- 
bined with a linear component which is oblique or 
vertical. The sense of the rotatory component is 
rarely described explicitly, but in our experience it 
appears to be clockwise when the horizontal com- 
ponent is to the left. In studies based on visual ob- 
servation, it is reported that the horizontal com- 
ponent is usually toward the lowermost ear follow- 
ing Hallpike positioning, while the vertical com- 
ponent is upward (frontal).*? Barany? noted that 
the relative prominence of rotatory and linear com- 
ponents of the nystagmus varies with the direction 
of gaze; rotation is prominent when the eyes are de- 
viated toward the lower ear in the provocative head 
position, whereas the nystagmus becomes almost 
purely oblique or vertical during gaze in the oppo- 
site direction. 


ENG recordings of horizontal and vertical com- 
ponents of the nystagmus have been made by sever- 
al investigators, 6-10 and the findings are not entirely 


consistent. with visual observations. The vertical 
component of the fast phase is almost invariably up- 
ward (frontal), and is usually pronounced. The hor- 
izontal component is more variable, in magnitude 
as well as direction. Stahle and Terrins® found that 
in most cases the horizontal component beat toward 
the lowermost ear in the provocative head position, 
but this conclusion appears to have been based on 
pooled data based on visual observation as well as 
ENG recordings. Baloh et al? report that in 23 pa- 
tients whose attacks occurred only in one head- 
hanzing position, the horizontal component of the 
recorded nystagmus was always away from the 
oe er ear; in nine patients who na attacks in both 
prominent in one » position iod. its d ons was ilie 
same in both. Thev also found that monocular ENG 
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TABLE 1. SUMMARY OF ROUTINE ENG FINDINGS 
Bithermal Cale ric 
Responses 
Prepor - NO. 
derance e 


Positional Nystagmus 
(eyes closed) 
Diagnosis None DC | DF — Sym. 


di ROPA EGO ASEN eerie 


Head injury 3 2 ] 3 
Meniere's 

disease 1 ] I 
Vestibular 

neuronitis ] H i 
Idiopathic 2 3 2 5 2 7 


DC - Direction changing; DF - Direction fixed: Sym. - Semmietrical: 
Labvr. - Labrrinthine: Direct. - Directional. 


recordings always showed dissociated eve move- 
ment. The vertical component was greater in the 
lowermost eye and the horizontal component was 
usually toward the lower ear in the upper eve and 
away from the lower ear in the lower eve. I: may be 
significant that the recordings of Baloh et al were 
made with eyes closed, whereas most other reported 
recordings of paroxysmal nystagmus have been 
made with eyes open 


It appears from these ENG studies that nvstag- 
mus beating away from the lower ear in the provoc- 
ative head position is more commonly seen in ENG 
recordings than on visual observation. Moreover, 
Barber and Stockwell* and Katsarkas and Kirkham’ 
have reported cases in which the direction of the 
horizontal component recorded by ENG was oppo- 
site to that observed visually. 


Karsarkas and Kirkham’ also observed that in 
one case the direction of the horizontal component 
of nystagmus reversed abruptly during & parox- 
ysmal attack, and speculated that this might be 
related to a sudden change in the position of gaze. 
As already noted, it has been known since tke report 
of Barany that the nystagmus is affected be the di- 
rection of gaze, but it does not appear to have been 
suggested previously that the direction of nystag- 
mus might actually be reversed by a change in gaze 
direction, 


The present study was undertaken in order to test 
this hypothesis, and also to investigate discrepancies 
between visual observation and ENG recordings. 


CASES AND METHODS 


Twelve patients, ranging in age from 43 to 64 years, and ex- 
amined by one of us (AK), were selected for the stucy because 
they gave a history typical of paroxysmal positional vertigo, their 
vertigo and the characteristic nystagmus were reproduced by the 
Hallpike maneaver during the initial examination, and it seemed 
likely that they would be able to follow instructions during the 
brief but highly distressing period of the paroxysm. In five pa- 
tients the syndrome appeared subsequent to possibly related dis- 
orders, while in seven no relevant antecedent disorder was identi- 
fied (Table 1); the latter cases were classified as idiopzthic. 


On clinical examination, no abnormalities were CU except 
D a deg ree of hearing : lass ii in some patients pee Plow i)a A 
er i 


mus s tow ard the ear w T hs Was iow ermost in ilie prov ocative head 


pcsition; and 4) paroxysmal positional vertigo, which in all cases 
could be elicited by the Hallpike maneuver but not by the 
Stenger: attacks occurred in one head-hanging position only, ex- 
ceat in one post-head-injury patient, who had attacks in both 
right and left head-hanging-positions. The audiogram in 11 cases 
shewed no hearing loss, or some symmetrical, bilateral, sensor- 
ineural loss. The patient with Meniere's disease showed substan- 
tiz sensorineural loss in one ear; hearing in the other ear was close 
to normal. Routine ENG examination (gaze and positional nys- 
tagmus, caloric test), performed in all patients, gave the results 
shewn in Table 1. No gaze nystagmus was recorded. 


The actual attack was recorded prior to the routine caloric ex- 
amination, according to the following procedure. Each patient 
wes tested for gaze and positional nystagmus in the caloric test 
position, given detailed instructions as to what he or she would be 
reeuired to do during the attack, and then brought very slowly to 
the sitting position with head straight. After recording for 30 sec- 
onds in this position, the patient was moved quickly, using the 
Halpike maneuver, to the provocative head-hanging position 
wih eves open. The patient was immediately asked to fixate on 
the examiner's finger in a horizontal gaze deviation of approx- 
imately 30° in one direction or the other. After a few seconds, 
when the paroxysm of nystagmus was well developed, the patient 
was asked to turn his or her eyes quickly, following the examiner's 
finger, to a gaze deviation of about 30° in the other direction. Eve 
mcsement recording was then continued until the nystagmus sub- 


sided. During this rather brief period of time, the examiner ob- 


served the nystagmus, while the technician attended to details of 
the chart recording. 

Zye movements were recorded using Beckman miniature Ag- 
AgCl skin electrodes. In eight cases, horizontal eye movement 
wes recorded using bitemporal leads and vertical movement was 
recorded from the right eve. Separate, horizontal eye leads were 
used in four patients. Recordings were made on a standard chart 
recorder after AC amplification with a time constant of three sec- 
onds and a bandwidth of 30 Hz. 


RESULTS 
VISUAL OBSERVATIONS 


in all patients, the nystagmus was mainly rota- 
tory when the eyes were deviated toward the lower 
ear, and mainly oblique when they were deviated 
toward the upper ear. The nystagmus observed 
visually was complex, especially when the eyes were 
deviated toward the lower ear, when it appeared 
that each quick phase of nystagmus involved a rota- 
tion of the eye about the visual axis, combined with 
mction in a more or less semicircular arc in an up- 
werdly oblique direction. In the patient's frame of 
reference, rotation was clockwise (the superior pole 
of the eye moved left) when the "horizontal" com- 
poaent cf the quick phase of ny stagmus was to the 
pa-ient's left. On gaze toward the upper ear, the 
degree of rotation during each quick phase was less, 
and eye movement appeared to be predominantly 
obique. The direction of this oblique component 
varied from patient to patient, ranging r from almost 
"upward" (frontal) to almost "horizontal" toward 
the lower ear: it never appeared to be "downward" 
or toward the upper ear. 


Note that during the period of observation the ex- 
aminer was preoccupied with a) monitoring gaze 
position, and b) assessing changes in the nystagmus 
pattern associated with changes in gaze position. He 
was not concerned at the time with the possibility 
that eve movement in the two eves might differ sub- 
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TABLE 2. SUMMARY OF ENG FINDINGS DURING 
PAROXYSMAL VERTIGO 


Bitemporal and Vertical Recordings 


Case Head Ipsi. Gaze Cont. Gaze 
No. Position. Hor, Veri. Hor. Vert, 
4 R Ipsi. — Cont. Up 
5 L Ipsi. Down Cont. — 

6 R — — Cont. Up 
4 L Cont. — Cont. — 
5 L = Up Cont. | — 
9 L Cont. Down Cont. — 
10 L Ipsi. Up Ipsi. Up 
R Ipsi. Down Cont. Up 


Single-eye Horizontal Recordings 
lpsi. Gaze Central Gaze Cont. Gaze 
Case Head Ipsi. Cont. Ipsi. Cont. Ipsi. Cont. 
No. Position Eye | Eye — . Eye Eye Eye | Eye. 


1 L Cont. Cont. Cont. Cont. 
2 R — Ipsi =- — Cont. Cont. 
3 L Cont. Ipsi. — a Cont. Cont. 


Ipsi. - Ipsilateral; Cont. - Contralateral: Hor. - Horizontal: Vert. - Ver- 
tical. 


stantially, and, in retrospect, was unable to make a 
firm statement on this point. 


ENG RECORDINGS 

Satisfactory tracings from both bitemporal and 
vertical leads were obtained in seven cases, and 
from separate horizontal leads in three cases. Nine 
patients whose attacks were successfully recorded 
showed nystagmus in one head-hanging position 
only; in one patient nystagmus was recorded in 
both head-hanging positions. The horizontal slow- 
phase velocity of nystagmus at the peak of the at- 
tack ranged from 25 to 135^ /s. The results are sum- 
marized in Table 2. 


Bitemporal Horizontal Leads (7 Cases). In two 
cases the fast phase of nystagmus was ipsilateral 
(toward the lower ear) during gaze in this direction, 
and reversed during contralateral gaze. In two cases 
the fast phase was contralateral in both directions 
of gaze. In two cases nystagmus was recorded only 
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during contralateral gaze, with fast phase contra- 
lateral. In the bilateral case, in whom an attack was 
proveked in both head- hanging positions, fast phase 
was ipsilateral during ipsilateral gaze; it reversed 
during contralateral gaze in the right head-down 
position but remained unchanged in the left head- 
down position. 


Vertical Leads. In the bilateral case, the nystag- 
mus was down-beating in the right (Fig 1A) and up- 
beating in the left head-down position (Fig 1B) on 

ipsilateral gaze: on contralateral gaze the nystag- 
mus was up-beating in both head positions. In one 
case no vertical nystagmus was recorded, and in the 
remaining five cases it was recorded only in one 
gaze position; during ipsilateral gaze it was down- 
beating in two cases and up-beating in one case, 
while during contralateral gaze it was up-beating in 
two cases. 


Separate Horizontal Lead (3 Cases). Case 1) On 
pote al gaze, both eyes beat toward the contra- 
lateral ear, but slow-phase velocity was greater in 
the ipsilateral eve; on central gaze, nystagmus di- 
rection was unchanged and slow-phase velocity was 
approximately the same in both eyes (Fig 2). Case 2) 
On ipsilateral gaze, the contralateral eve beat ipsi- 
laterally, while nystagmus in the ipsilateral eve was 
not satisfactorily recorded: on contralateral gaze, 
both eves beat toward the contralateral ear (Fig 3). 
Case 3) On ipsilateral gaze, the ipsilateral eye beat 
contralaterally and the contralateral eve beat ip- 
silaterally; on contralateral gaze, both eyes beat 
contralaterally (Fig 4). 


DISCUSSION 


On visual observation, the fast phase of nvstag- 
mus in the patients who participated in this studv 
always appeared to have a linear component beat- 
ing in an upwardly oblique direction toward the 
lower ear, and a rotational component beating 
clockwise when the "horizontal" component was to 
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Fig 1. (Case 10) Recording during a paroxvsm, post-head injurv. A) Right head-hanging position. RHH - Right head-hanging posi- 
tion assumed: R - Right (ipsilateral) gaze; L - Left d gaze. E) Left head-hanging position. LHH - Left head- hanging 
position assumed; R - Right (contralateral) gaze: L - Left (ipsilateral) gaze. HB - Bitemporal horizontal recording; VR - Vertica ] re- 
cording, right eve. In all figures. rightw ard and upward eve deviation is recorded upward. 
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Fig 2. (Case 1, idiopathic) Recording during a paroxysm in 
the left head- banging position. Slow- phase eye velocity 
reached 135°/s in this case. HL - Horizontal left eve re- 
cording; HR - Horizontal right eye recording: M - Begin- 
ning of the attack, eyes in midposition; L - Left (ip- 
silateral) gaze. 


the left, and anticlockwise when the “horizontal” 
component was to the right. (In other patients we 
have, infrequently, seen nystagmus beating away 
from the lower ear.) The rotational component was 
more prominent on gaze toward the lower ear, and 
the vertical component more prominent on gaze 
toward the upper ear. Dissociated eye movements 
were not noted on visual observation. 


ENG recordings in the same patient gave quite a 
different picture. With bitemporal leads, or ipsilat- 
eral gaze (tow ard the lower ear) the fast phase of 
nystagmus beat ipsilaterally in 4 of 6 attacks in 
which a satisfactory recording was obtained in this 
gaze position, and beat contralaterally in two: on 
contralateral gaze, nvstagmus beat ipsilaterally in 
one attack and contralaterally in seven. With separ- 
ate horizontal leads, results (in only three cases) 
were less clear; on central gaze (one case) end con- 
tralateral gaze (two cases) both eyes beat contra- 
laterally; on ipsilateral gaze, in one case both eyes 
beat contraiaterallv, in one case the ipsilateral eve 
beat contralaterally and the contralateral eve beat 
ipsilaterally, and in the third case the contralateral 
eye beat ipsilaterally and the nystagmus was not re- 
corded in the other eye. The vertical component of 
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nystagmus on contralateral gaze was up- -beating in 
four attacks and not recorded in four; on ipsilateral 
geze, nystagmus was up-beating in two attacks, 
dewn-beating in three, and not recorded in three. 

These findings confirm previous reports that the 
nystagmus of paroxysmal positional vertigo varies 
w-th gaze direction, and show clearly that a change 
in the direction of gaze can result in reversal of the 
direction of nystagmus during the attack. Dissocia- 
tien of movement in the two eves was confirmed, 
but was not striking: horizontal eye movement in 
opposite directions in the two eves was recorded in 
ome case, and a marked difference in slow-phase 
veiocity in the two eyes was seen in another. 

An important result of this study is the finding 
that the direction of nystagmus in ENG recordings 
is ^órequently different from that reported on visual 
observation in the same patient. It must be ac- 
knowledged that visual detection of the direction of 
nystagmus is difficult to judge under the conditions 
of the Hallpike test, and the difficulty was even 
greater in this study, since the examiner was also 
menitoring gaze position. Nevertheless, there ap- 
pears to be a real discrepancy in some cases, and one 
mast ask whether the human observer or the ENG 
reeording is in error. The presence of a significant 
ro-ational component of eye movement, particular- 
ly on Edi toward ie OE ear, when discre- 
Tao perceptual error. On is ether me the 
reliability of horizontal and vertical components of 

the ENG in the presence of gaze deviation and eve 
ro:ation is not well known, and must also be sus- 
pect. 


Resolution of this discrepancy requires more so- 
phisticated recording techniques, and may be im- 
portant clinically, since the direction of eve move- 
ment during the attack has been used as one criter- 
ion for classifying patients with paroxysmal posi- 
ticnal vertigo. The question is also interesting in 
coanection with the hvpothesis that attacks result 
frem transient stimulation of the posterior semicir- 
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Fig 4. (Case 3, idiopathic) Recording during a paroxysm in 
the left head-hanging position. L - Left (ipsilateral) gaze; 
A - Right (contralateral) gaze. 
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cular canal;'' gaze position is known to affect the 
nystagmus produced experimentally by posterior 
canal stimulation.'* 


An immediate conclusion is that it is imperative 


that gaze position be carefullv controlled in anv 
study of the nystagmus of paroxysmal positional 
vertigo, and probably of other conditions in which 
the nystagmus has a prominent rotatory compo- 
nent. 
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FOURTH WORLD CONGRESS ON BROS CHOESOPHAGOLOGY 


The Fourth World Congress on Bronchoesophagology will take place at the Foresta Conference Center in Stockholm, Sweden, June 
90-23, 1983. This Congress is arranged by the International Bronchoesophagological Society, Swedish Otolaryngological Society and 
Swedish Society for Pulmonary Diseases. During the meeting, the Congress will update the knowledge within bronchology and esophagol- 
ogy. Further information may be obtained by writing IBES Congress 1983. c/o RESO Congress Service S-105, 24 Stockholm, Sweden, or 
Dr. Stig Haglund. Secretary of the Congress, Dept. of Otolaryngology, Karolinska Sjukuset, S-104 01 Stockholm 60, Sweden. 
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AUTONOMIC INNERVATION OF THE MIDDLE EAR 
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The distribution of nerve fibers in the middle ear mucosa and eardrum of the cat and guinea pig was studied using immunocytochem- 
ica: and histof'uorescence techniques. Nerve fibers concaining noradrenaline, vasoactive intestinal peptide, substance P, enkephalin or im- 
munoreactive avian pancreatic polypeptide were demonstrated in the midele ear mucosa. After extirpation of the superior cervical gang- 
lion, nerve fibers containing noradrenaline and avian pancreatic polypeptice disappeared while fibers containing vasoactive intestinal pep- 


tide, substance P and enkephalin seemed to remain unaffected. 


The upper respiratory tract is richly supplied 
with peptide-containing nerve fibers. Thus, recent 
immunocytochemical studies have revealed fibers 
containing vasoactive intestinal peptide (V P), sub- 
stance P (SP) or immunoreactive avian pancreatic 
po:ypeptide (APP).'? The distribution of these fi- 
bers in the nasal mucosa has been rather extensively 
studied while the autonomic innervatior of the 
middle ear has received less attention. In a study of 
the middle ear mucosa of the cat Ishii and Kaga* ob- 
served numerous acetylcholinesterase-positive nerve 
fibers. In addition, using electron microscopy they 
demonstrated nerve fibers containing small dense 
cored vesicles of the type seen in adrenergic fibers.4 
In the present study we have analyzed the middle 
ear and the eardrum of guinea pigs and czts using 
the Falck-Hillarp histofluorescence methoc for the 
demonstration of adrenergic fibers as wel! as im- 
munocytochemical methods for the demonstration 
of peptide-containing nerve fibers. 


MATERIAL AND METHODS 


Twenty guinea pigs and nine cats of either sex were used. Thev 
were sacrificed by exsanguination under diethyl ether anesthesia 
(guinea pigs) or pentobarbitone anesthesia (cats). In addition, the 
left superior cervical ganglion was removed from five guinea pigs 
under ketalar anesthesia. These animals were killed 3-9 weeks 
later. Specimens from the middle ear mucosa and eardrum were 
dissected out and processed for histochemistry as follows. 


Demonstratien of Adrenergic Nerve Fibers. Specireens from 
the middle ear mueosa of four cats and four guinea oigs were 
stretched on clean microscope slides, dehydrated in a desiccator 
over phosphorus pentoxide and exposed to formaldehyde gas at 
80°C for one hour.* In addition, specimens from the middle ear 
mucosa of three guinea pigs were immersed for 30 miautes in a 
freshiy-made solution of glyoxylic acid in phosphate bufser.5 They 
were then stretched on microscope slides and dried three hours 
under a hairdrier (70°C). All specimens were mounted in 
Enteilan (Merck Darmstadt, FRG) and examined with a fluores- 
cence microscope. 5.5 


Demonstration of Peptidergic Nerve Fibers. Specimens from 
the middle ear mucosa of 13 guinea pigs and five cats were stretched 
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Aatisera Raised Working 
...Agaimst ^ ^ Code Dilution Source 
VE 7852 1:320 R. Ekman, Malmö 
General 
Hosp.. Malmö, Sweden 
Substance P SP-8 1:80 P. Emson, Cambridge 


Univ., Cambridge. UK 


Lca-enkephalin 170 1:60 — K-J. Chang. Burroughs 
Wellcome, Research 
Triangle Park. NC 
FR. Kimmel, Univ. of 


Avian dot — 1:80 
Kansas. Kansas City 


tir polypeptide 


on amicroseope slides as whole mounts. fixed in a mixture of for- 
meidehyde and picric acid, dehydrated. cleared in xylene and hy- 
drated.’ The whole mount preparations were then processed for 
the immunocytochemical demonstration of VIP, SP. enkephalin 
ane APP. Details on the antisera are given in the Table. 


“he VIP antiserum does not cross-react with other neuropep- 
tides (enkephalin, substance P. somatostatin, neurotensin. gas- 
trie CCK tested) nor with chemically related peptides such as se- 
crein, glucagon or gastric inhibitory peptide.’ 


Che SP antiserum does not cross-react with bombesin which 
shares the COOH-terminal two amino acids with SP. It does. 
however. cross-react with physalaemin® which shares five amino 
acid residues with SP and recently is claimed to occur in nerve fi- 
ber. in the mammalian gastrointestinal tract.'? 


La both immunochemical and immunocytochemical tests the 
leu enkephalin antiserum has been found to cross-react to some 
extent with met-enkephalin but not at all with the endorphins or 
B-lixotropin."! 


‘Fhe APP antiserum has been used in several immunocytochem- 
ical studies.*  '* " Neuronal APP is not demonstrated using anti- 
bocses against mammalian pancreatic polypeptide (PP). There- 
fore. neuronal APP is probably distinct from hormonal PP.” 


Cross reactivity with unknown peptides containing immuno- 
reaetive amino acid sequences recognized by the different antisera 
canaot be excluded. Therefore, it would be appropriate to name 
the immunoreactive material VIP-like, SP-like, enkephalin-like, 
and APP-like. For brevity, the immunoreactive nerve fibers are 
referred to as VIP, SP. enkephalin and APP nerve fibers in the 
text 


For immüunofluorescence, the site of the antigen-antibody re- 
actim was revealed by fluorescein isothiocvanate-labelled voat 


“rom the Department of Otolaryngology, University Hospital. Malmö. Sweden, Zansai Medical University, Moriguchi. Osaka. Japan. and the Depart- 
ment of Histology. University of Lund, Sweden, This preject was supported bv a grant from the Swedish MRC ( project no. 14x-4490j, 
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Fig. 1. Guinea pig middle ear mucosa. 
Fluorescence histochemical demonstra- 
tion of adrenergic nerve fibers. Numerous 
nerve fibers are seen a) in mucosal stroma 
and b) around blood vessels. (a, x 141; b, 
E221) 


anti-rabbit IgG (provided by SBL, Stockholm) diluted 1:20. Spec- 
imens incubated with antiserum inactivated by the addition of ex- 
cess antigen (10-100 ug of synthetic SP and synthetic enkephalin 
[both provided by Beckman SA, Geneva], pure porcine VIP and 
pure avian PP respectively) were used as controls. 


RESULTS 

Numerous fine varicose adrenergic nerve fibers 
were seen in the middle ear mucosa of both cats and 
guinea pigs (Fig. 1a). Most of the fibers were associ- 
ated with small blood vessels (Fig. 1b). In addition, 
certain fibers were seen to run in the mucosa with- 
out obvious relation to blood vessels. Also fibers 
containing VIP (Fig. 2), SP (Fig. 3), enkephalin 
(Fig. 4a) or APP (Fig. 4b) were observed in both 
species examined. Most of the VIP, SP and APP 
fibers were associated with small blood vessels. but 
single fibers occurred also in the mucosal stroma 
without obvious relation to blood vessels. A few en- 








kephalin fibers were observed in the mucosa with- 
out relation to blood vessels. After extirpation of the 
left cervical superior ganglion the adrenergic and 
APP-ccntaining fibers in the ipsilateral middle ear 
mucosz disappeared while VIP and SP fibers were 
unaffected. Due to the scarce number of enkeph- 
alin-coataining fibers it was not possible to assess 
the effect of ganglionectomy on this type of nerve 
fiber. 


[n the eardrum an occasional nerve fiber contain- 
ing SP was seen without obvious relation to blood 
vessels. Nerve fibers containing noradrenaline, VIP, 
enkephalin or APP could not be demonstrated. 


DISCUSSION 


In the present study adrenergic nerve fibers as 
well as fibers storing VIP, SP, enkephalin or APP 


Fig. 2. Immunocvtochemical demonstra- 
tion of VIP. a) Cat middle ear mucosa. 
Nerve bundle containing several VIP im- 
munoreactive fibers. b) Guinea pig middle 
ear mucosa. Single thin VIP immunore- 
active nerve fiber. (x 211) 
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were seen in the middle ear mucosa of eats and 
guinea pigs. Most of the fibers were associated with 
blood vessels but fibers without relation to blood 
vessels were also seen. The adrenergic and ^ PP-con- 
taining nerve fibers disappeared after extirpation of 
the superior cervical ganglion. With respect to the 
adrenergic fibers the present results confirm those 
obtained by Ishii and Kaga.* These authors demon- 
strated nerve fibers containing small den:e cored 


vesicles after treatment with 5-hvdroxvdo»oamine,. 


an agent known to accumulate selectively in 
adrenergic fibers. Due to their intimate relation 
with blood vessels the bulk of the nerve fibers 
demonstrated in the present study may be im- 
plicated in vasomotor functions. The ac-ions of 
catecholamines on blood vessels have been the sub- 
ject of many recent reviews.'^ Immunocv-ochem- 
ical studies have demonstrated a rich supply of VIP. 
SP, and APP fibers around both cerebral" *'° and 
peripheral blood vessels.'?.'?'* VIP and SP seem to 
have dilatory actions.'*7!?29 The vasomotor ac- 
tions of APP are not known. 


There is evidence that certain peripher:l SP fi- 


Fig. 4. Guinea pig middle ear mucosa show- 
ing fine varicose fibers containing a) im- 
munoreactive avian pancreative polvpeptide 
(x 250), and b) immunoreactive enkephalin 
(x 218). 


Fiv. 3. Immunocytochemical demonstra- 
tion of substance P in a) fine varicose 
nerve fibers in middle ear mucosa of cat 
and in b) thin varicose fibers in middle 
ear mucosa of guinea pig. (x 227) 


bers may be involved in sensory transmission.'*?! 


Therefore, at least a proportion of the SP fibers mav 
represent peripheral ramifications of sensory neu- 
rons. 


?nkephalin-containing nerve fibers have pre- 
vicuslv been found in the central nervous svstem? 
including the inner ear? as well as in several peri- 
pheral organs such as the gut." Their functional 
role in the middle ear mucosa is enigmatic. 


'ancreatic polvpeptide is a peptide produced bv 
endocrine cells in the pancreas and gut.?* Certain 
an-isera raised against avian PP and antisera raised 
against the svnthetic C-terminal hexapeptide of 
mammalian PP^ demonstrate not only endocrine 
cells but also neuronal elements in the brain and 
periphery. Still we do not know if the neurons dem- 
onstrated bv the two tvpes of PP antisera are iden- 
tical. Recent observations have shown that sympa- 
thetic ganglia are rich in APP-immunoreactive 
nerve cell bodies.'? Available evidence suggests that 
the neurons storing immunoreactive APP are identi- 
cal with a population of adrenergic neurons.’:'? The 
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present results indicating that APP immunoreactive 
fibers in the middle ear originate in the superior 
cervical ganglion support this view. 


The eardrum has a well-developed supply of 
small blood vessels. Studies using methylene blue 
staining? have indicated that the eardrum in addi- 
tion is rich in nerve fibers and that the blood vessels 
in particular are supplied with numerous nerve fi- 
bers. Somewhat surprisinglv therefore the present 


study revealed only a very sparse supply of SP fibers 
in the eardrum but no other peptide-containing or 
adrenergic fibers. 


In conclusion, the presen study io: oe that 


nerve f ‘bers, ua containing : as W vel as adrener- 
gic, It is conceivable that thev serve as local regulat- 
ors of vasomotor and possibly also secretory func- 
tions. 
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DIAGNOSTIC SIGNIFICANCE OF TRANSTYMPANIC 
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Transtympanic electrocochleography (ECoG) wa: performed on 32 nczmal ears, 40 ears affected by hair cell damage without any evi- 
dence of endoly mphatic hydrops (sensory damage) anc 44 ears affected by =stablished Meniére’s disease. The amplitude of the summating 
potential (SP) and the amplitude of the action potentia (AP) were measuree at a click stimulus intensity level of 100 dB HL. The SP ampli- 
tude was expressed as a percentage of the AP amplitucle. In normal ears, he mean SP/AP ratio was 25 % (range 10% -63%). In sensory 
damage, the SP/AP ratio was 13% (range 0% -29% ), and in Meniére's ears the SP/AP ratio was 51% (range 29% -89%). In this series, an 
SP/AP ratio of 29% provided a diagnostic dividing mark between the sensor’ damage and Menieére’s-affected ears. Although this precise di- 
vision was probably fortuitous, it does suggest that ECoG is a useful tool n the differential diagnosis of these two types of cochlear dis- 


OrGers. 


INTRODUCTION 


Meniere’s disease remains an etiological end ther- 
apeutic enigma. The lack of true animal mcdels and 
the difficulties in obtaining valid human F istologi- 
cal material have hampered research. Nevertheless 
there is now a reasonable consensus of opirion that 
the disease is characterized by endolympl atic hy- 
dreps'? and that there is relatively little destruction 
of the sensory elements except perhaps in the apical 
cochlear turn? until the latter stages of the disease. 


Transtympanic electrocochleography (ECoG) 
provides a means of examining the cochlea electro- 
physiologically and can easily be applied in the 
study of Meniére's disease. Past studies*? nave in- 
dicated that there is a specific ECoG abnormality 
seen in ears affected by Meniere's disease. Often the 
ECoG waveform appears wide and distorted. This 
widening could be interpreted as being cue to a 
relatively large summating potential (SP) compo- 
neat which masks the small action potential (AP). 
In comparison with other sensory cases, in 
Meniere's disease the SP is large relative te the AP 
component. 


METHODS 


There has been some confusion regarding the best method of 
quantifying the ECoG abnormality seen in Meniere's disease. 
Widening of the SP/AP waveform of over 4 ms was present in 
65% of patients tested in one series and provided a means of con- 
firming the diagnosis for these patients. It may be -easonably 
argaed that widening is not a precise measure since it i: so depen- 
dent on the duration of the acoustic stimulus and thet absolute 
amplitude measurements of the SP and AP should prove more re- 
wee Dial ines Re 6s measured in this 


Son enel. T E iS W&S WU ihe am miplitudes showed spec Cs 
varzation depending, presumably, on the electrode loeation and 
impedance. In the series of purely sensory damaged ears, two 
stardard deviations above the mean SP amplitude was-calculated 


toe be 4.26 pV. Only 36% of the Meniere's ears (40-80 dB HL) 
tested hac absolute SP amplitudes exceeding 4.25 pV. 


As it was readily apparent that the smaller SP amplitudes tended 
to occur with the smaller AP amplitudes, the results were ana- 
lyzed in terms of the ratio of the SP amplitude to the AP am- 
pa tue Aes to peat) Using this method of pad sis, a igi 


M- miere's s group ih hearing He Belus en a 40- 80 dB HL ncm 
of 2-4 kHz). An SP. AP ratio value of 29% clearly divides the two 
greups so that using a criterion of 30% or greater, 94% of the 
Meniere's group were correctly identified with no false- positives. 


The SP/AP ratio was also examined for patients with Meniere's 
disease but with hearing better than 40 dB and the results were 
compared to a normal group. Unfortunately no statistical differ- 
ense was seen between the two groups. 


?atients with hearing losses greater than 80 dB HL were not in- 
cluded in this analysis. 


“ifty ears with clinically obvious Meniere's disease were 
studied. In every case, the ear tested was judged to be in an "ac- 
tive” stage of the disease; the hearing was affected and there had 
been at least two attacks of rotational vertigo with nausea during 
the preceding one month. Six ears were excluded because the 
hesring level exceeded 80 dB HL (2-4 kHz average). Of the re- 
maining 44 ears, ll ears had comparatively normal high- 
frequency hearing (less than 40 dB HL, 2-4 kHz) and 33 ears had 
a bearing loss from 40-80 dB HL (2-4 kHz). 


“he normal control group (32 ears) did not include any of the 
"nermal" ears of the Meniere's patients, as several such recordings 
have shown unexpectedly large SP/AP ratios despite apparently 
nosmal cochlear and labyrinthine function. While this finding is 
interesting, its significance is unknown. There are some obvious 
problems in obtaining normal controls tor transtympanic ECoG 
studies. The control group consisted of 16 ears of children tested 
forshreshold purposes, three ears of adults with nonorganic hear- 
ing loss and 13 other adults tested for various other reasons. Nor- 
maly we do not advocate the use of transtympanic ECoG for the 
detection of nonorganic hearing loss but two patients were 
sussected of having an acoustic neuroma and one patient was 
tesed unsuspectingly. The mean age of the normal group was 
20.38 years, which was younger than the Menières group (44 
veers) and the sensory group (52 vears). (Sensory group refers to 
these ears tested that had pure hair cell pathology without any 
clixical evidence of endolymphatic hydrops.) No statistical dif- 


From the Department of Neuro-Otology (Cibson, Kilkenny), and the Medical Research Council, Neuro-Otology Unit (Prasher}, National Hospital, London. 
REPRINTS — W.R.P. Gibson, FRCS. Department of Nearo-Otology, National dospital. Queen Square. London WCIN 3BG, England. 
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with respect 
to promontory paj 


100 dB HL Click Stimulus ims 


Fig, 1. Method of measuring SP (dotted line) and AP (solid 
line) amplitudes i in recordings of A) typical normal, B} typ- 
ical "pure" sensory damage (hair cell loss), and C) typical 
Meniere's disease (endolymphatic hydrops). 


ference between the SP. AP values was noted between the normal 
children and the normal adults. 


The sensory group (40 ears) with pure sensory hearing damage 
had a hearing loss from 40-80 dB HL (2-4 kHz). Several ears had 
to be excluded because the hearing exceeded 50 dB HL. This 
group consisted mainly of ears affected by acoustic trauma, oto- 
toxic agents and vascular lesions. Ears affected by svphilis and 
sudden hearing loss were not included because of their possible as- 
sociation with endolvmphatie hydrops. The mean hearing loss, 
2-4 kHz average, was 64 dB (SD 14.06), which was greater than 
the Meniere's group (56-82 dB, SD 1.2 MH. 


Fourteen of the Meniere's ears and the majority of the normal 
and the sensory ears were tested using the standard Medelec Am- 
plaid Mk IH apparatus. The remainder were tested using similar 
recording amplifiers and stimulus apparatus but the responses 
were averaged on a minicomputer (CAI Alpha LS 12-20). 


All recordings were made using standard silver’silver chloride 
electrodes placed on the forehead or chin (earth) and the ip- 
silateral mastoid (reference). The active electrode was a thin 
stainless steel wire which was insulated with Teflon except for the 
tip and pierced the tympanic membrane to rest on the promon- 
tory close to the round window niche. No local anesthesia was 
used in the majority of patients and a few patients had local anes- 
thesia using iontoj Phoresis. No sedatives were used. Only one pa- 
tient found the Puce upsetting although she did allow the re- 
cording to proceed. The procedure appears to be very safe if per- 
formed competently: one of us (WPRG) has now performed 
transtvmpanic ECoG since 1973 on over 3,000 ears, with only 
two known complications: one patient complained that his tri- 
geminal neuralgia was worse for two months following ECoG 
and another complained that his tinnitus became louder. 


The recording amplifiers had a band pass of 3.2 Hz to 3.2 kHz 
with a slope of 12 dB per octave. The stimulus was a 100 ps click 
delivered from a screened TDH 39 headphone which was clamped 
magnetically to a special ring support placed around the test ear. 
Further details have been published.'? The stimulus intensity was 
100 dB HL. the reference zero having been calibrated using oto- 
logically normal. voung volunteers. Each averaged response rep- 
resented the responses to 512 stimuli and the test was repeated for 
all conditions to check the reliability of the response. 

The method of measuring the amplitude of the SP and AP is 
shown in Figure 1. The cochlear microphonic was measured at its 
maximum peak-to-peak value. 


RESULTS 
2e dnd i 20 dB Hl) e norma ears 


1. We AV Ww ith a mean of 17.61 (SD 12. 38) and ne 
SP also varied from 0.5-104V with a mean of 3.9 
(SD 2.66). The SP/ AP amplitude varied in normal 
subjects from 1095-6396, with a mean of 25% and 
SD of 14 (Table 1). 


Meniere's Group (0-40 dB HL). The absolute val- 
ues of the AP and SP varied a great deal, as in all 
other groups studied. The AP values (range 2.5-34 
aV. mean 13.06, SD 10.09) were slightly lower than 
the normal group (range 1.9-51 vt mean 17.61, 
SD 12.38) and the SP values (range 0-104 V, mean 
4.61. SD 4.46) were slightlv greater than normal. 
The mean SP/AP ratio (35%) was also slightly 
larger but statistical analysis failed to show a 
significant difference between the normal group 
and the Meniere's group with hearing better than 


40 dB HL. 
dL dnd fa id dB ag The AP values 


phonic (CM) is not the rue of this paper it may 
be noted that, in general, smaller CM values were 
observed in this group than in the other groups (»2 
aV). but the great variation in size (one patient ac- 
tually had the largest CM of the series) limits the di- 
agnostic value of the CM. The SP/AP ratio in this 
group varied from 095-299», with a mean of 13% 


(SD 9). 


Menieére's Group (40-80 dB HL). The SP/AP ratio 
in this group varied from 29 9; -89% and clearly sep- 
arates the recordings from those obtained from the 
sensory group. The “watershed” of 29% seemed 
fortuitous but the data have now been aal zed sev- 
eral times and there does not appear to be any bias 
in selection. The CM amplitudes were similar to the 
normal group and this finding is consistent with 
Schmidt et al'' who suggested that it was related to 
the preservation of the hair cells in the basal coil of 
the duran 


Comparison Between Groups. When normal sub- 
jects were compared with the Meniére's group (0-40 
dB HL), no significant differences between the 


TABLE 1. AMPLITUDE VARIATIONS OF ELECTROCOCHLEOGRAPHIC COMPONENTS 





FOR DIFFERENT CROUPS OF SUBJECTS 


Normal (0 - 20 dB HL) Meniere's (0 - 40 dB HL) seusory* (40 - 80 dB HL) Menieres (40 - 80 dB HL) 








(n = 32) (n= 11) (n = 40) (n= 33) 
_ Range Mean SD | Range E Mean SD ange Mean SD Range Mean SD 
AP (nV) 1.9-51 17.6] 12.38 2.5-34 13.06 10.09 ).7-30 1.03 6.41 3.00-30 8.12 6.27 
SP (nV) 0.5-10 3.90 2.66 0.0-10 4.61 4.46 ).0-8 1.12 1.52 1.25-18 3.92 3.34 
CM (nV) 2.2-17 8.92 4.29 a — — (0.3-20 6.73 4.60 2.10-17 7.08 4.44 A 


SP.AP 
Ratio (%) 10.0.63 25.08 13.70  0.0-50 35.27 201.55 90-29 1278 9.23 


*Ears with pure hair cell pathology but without clinical evidence of endolymphatic hydrops. 


29.40-89 51.22 16.15 


AP - Action potential, SP - Summating potential, CM - Cochiear microphonic. 
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TABLE 2. SIGNIFICANCE LEVELS FOE 
COMPARISONS BETWEEN GROUPS 


(Mann- 
Whitney 


AP 
("d" value)" (d value)” test) _ 


Normal! Meniére’s 


— M à 








(0-40 dB HL) NS (1.60) NS (0.31) NS 
Sensory / Meniére's 
(40-80 dB HL) NS (0.73) 1% (4.34) 1% 


NS - Not significant. 


mean values of the absolute AP amplitudes, the ab- 
solute SP amplitudes or the SP/AP ratios were de- 
tected using the Fisher-Behrens "d" statistic" and 
the Mann-Whitney test (Table 2). 


Comparison of the Meniere's group with a hear- 
ing loss fram 40-80 dB HL with the sensory group 
ih similar hearing loss showed no significant dif- 
ference between the mean values of absolute AP 
amplitudes. The important finding was a signifi- 
cant difference at the 1% level between both the 
mean values of the absolute SP amplitude: and the 
SP/AP ratios. 


DISCUSSION 


The significant finding was that the SP. AP ratio 
was clearly different between the Meniére's ears 
and those affected purely by hair cell loss, providing 
that there was at least a 40 dB high-frequency hear- 
ing loss. Eggermont and colleagues?! mairtain that 
the SP in Meniere’s ears is of comparable magnitude 
to that in normal ears, and, since SP depends on the 
presence of hair cells, that the SP seen in Meniére’s 
ears indicated survival of the hair cells in tkis condi- 
tion. Nevertheless there was a distinct cliaical im- 
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Fig. 2. Measurements of absolute AP amplitude v hearing 
loss in Meniere's ( € ) and sensory (L7) groups. 


18 


16 


14 


12 


10 


ABSOLUTE AMPLITUDE OF SP (pV) 
I" 
LÀ 


E^ ee 8 
4 . S © o œ 
B e j G e. 
UC geguae P 
co I e o o 
jo. Feed 





30 40 50 690 70 80 dB 


hearing loss 


Fig. 3. Measurements of absolute SP amplitude v hearing 
loss in Meniére’s (@) and sensory (21) groups. 


pression that larger SP amplitudes were obtained 
from patients during "active periods" when their 
hearing was poor." Furthermore, glycerol dehy- 
dration studies have shown a consistent SP decrease 
ir patients who had a hearing gain.* It is not possi- 
bse to explain these findings by the hair cell survival 
tkeory alone and some relation to the presence of 
e idolymphatic hydrops seems probable. 


In an attempt to resolve these differences, a care- 
ful analysis of our data was undertaken. Although 
there is wide scatter among the absolute AP ampli- 
tedes (Fig. 2) it is fairly clear that a decrement in 
AP amplitude occurs with increasing hearing loss in 
both the Meniéere's and sensory groups. No signifi- 
cant differences between the groups were found at 
aav hearing level (Table 2). 


Comparison of the SP amplitudes with hearing 
lcss in each group revealed a decrement in SP am- 
pitude with increasing hearing loss in the sensory 
g IUD out i in 1 the DEDI EUMD (Fig. n The 
severe hears loss is clearly the fn. EL 
for the large SP. AP 1 ratio notec 2 in dde S SE 
a: eu heaving loss Ps more pur ie in the 
Meniere's group, whereas it decreases in the sensorv 
g-oup. Further statistical analysis (Fig. 5) confirms 
that the diagnostic significance of the SP/ AP ratio in 
Meniere's disease increases as the patient suffers 
from increasingly severe high-frequency loss. 
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SP/AP RATIO (X) 





30 40 50 60 70 80 dB 


hearing loss 


Fig. 4. Measurements of SP: AP ratio v hearing loss in 
Menieére’s (@) and sensory (LJ) groups. 


During the early stages of Meniere's disease, the 
hair cells remain remarkably intact and the hearing 
can fluctuate back to normal values. After the pa- 
tient has had the disease for several years there is a 
tendency for a high- frequency, nonfluctuating hear- 
ing ; loss to ) dev elo Ww hich i is associated w w vith hair So 
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HEARING LOSS (dB) 


Fiz à Significance « of SP/ AP ratio at different hearing 
levels n Meniere's (L2) and sensory (S) groups. 


in the Meniére’s group and the diagnostic signifi- 
cance of the SP/AP ratio reduced with hearing losses 
exceeding 60 dB HL. 


An a.ternative hypothesis is that the SP ampli- 
tudes ir Meniére's disease reflect both the survival 
of hair cells and an increase in the distortion of the 
potentials they produce. With increasing hearing 
loss, there is a loss of hair cells in the Meniere's ears 
but the asymmetry of the basilar membrane caused 
by the endolymphatic hydrops leads to the remain- 
ing hair cells g generating greater receptor potentials 
than ncrmal. As a result the SP amplitude is in- 
creased to near normal levels. 


In summarv, the significant finding is that the 
SP. AP ratio obtained by transtympanic ECoG can 
usefully be employed in the differential diagnosis of 
Menierc's disease and pure hair cell pathology pro- 
vidinz the hearing loss exceeds 40 dB (averaged 2-4 
kHz). This conclusion is consistent with Coats’ and 
Kumagami et al." 
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TENTH ANNUAL MZETING OF AMEFICAN AUDITORY SOCIETY 


The American Auditory Society announces its Teath Annual Meeting -o be held in Cincinnati, Ohio, on November 17, 1983, the day 
before the Annual Convention of the American Speech-Language-Hearins Association. The theme of the meeting will be “A Decade of 
Progress." Persons interested in the ear and hearing are invited to submit papers to be considered for presentation. Five copies of a 
306-word abstract with a brief summary should be submitted by June 1, 1883, to Robert W. Keith, PhD, Department of Otolarvngology, 
University of Cincinnati Medical Center, Mail Locatien #528, Cincinnati Ohio 45267. Any questions about the meeting can be directed 


to the same address. 


WORLD CONGRESS OF OTOREINOLARYNGOLOGY 


The XIIIth World Congress of Otorhinolaryngology will be held in Miami Beach May 26 — June 1, 1985. For further information 
please contact Anthony J. Maniglia, MD, Secretary-General, P.O. Box 016860 (D-48), Miami. FL 33101. 
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MESODERMAL INDUCTION DEFECT AS A POSSIBLE CAUSE 
OF EAR MALFORMATIONS 


ANDREW R. MELNYK, MD LESTER WEISS, MD 


CHICAGO, ILLINOIS DETROIT, MICHIGAN 


Deafness due to inner ear anomalies is rarely associated with malformatiors of the auricles. We describe two brothers with profound 
congenital sensorineural deafness, abnormal vestibular function, normal ossicles. and delayed motor development. Since the external and 
inner ear originate from distinctly separate structures, the embryogenesis of tis malformation association is less clear than in the more 
common association of external and middle anomalies, where the latter two structures are derived from the first and second branchial 
arches. The combination of auricular and inner ear anomalies, with sparing of he middle ear structures, can be explained on the assump- 
tion that mesodermal induction is responsible for normal differentiation of bothethe otocyst and of the branchial arch ectoderm. A recessive 
mutant gene may lead to a deficiency of a mesodermal inducer substance of a target tissue receptor site. A similar mechanism may be in- 
volved in other multiple malformation syndromes, whereby a mutant gene acting during a specific period of organogenesis causes disrup- 
tion of the normal induction-competence relationship. 


INTRODUCTION Undetectable Chromosomal  Abnormalities.' 
Donxnantly inherited multiple malformation syn- 
dromes may be due to deletions or duplications of 


physiology of the ear. Ear anomalies are dasihed more than one base pair, even though such abnor- 
into external, middle and inner ear defects, or com- malities are not detectable by conventional karyo- 
binations thereof, with or without involvement of type analysis. Fraser has suggested that complex 
extra-auditory structures. By far, the majority of Ads gie malformation syndromes such as cryp- 
genetic deafness syndromes are inherited as domi- tophthalmos may represent the homozygous state of 
nant or recessive mendelian traits, with varible such small chromosomal abnormalities. 


The existence of multiple causes of congenital 
deafness reflects the complexity of the anatomy and 


degrees of expressivity. There are a number of possi- A defect in embryonic induction may be an addi- 
ble explanations to account for multisystem abnor- tional mechanism responsible in some cases of deaf- 
malities associated with a large proportion of ness associated with anomalies of seemingly unre- 
genetic deafness syndromes. latec structures. Embryonic induction is a well- 

Pleiotropic Effect of A Single Mutant Gene." For established concept which implies the existence of 


an accurately synchronized system of intercellular 
communication which directs the differentiation of 
predestined groups of cells into distinct organs. 
That a specific group of cells is predestined to dif- 
feremtiate into specific anatomic structures was 
elegantly demonstrated by Nakamura et al,* where 
the fate of each cell in a 32-cell stage embryo was 
traced. The migration and differentiation of these 
embryonic cells is under the direct influences of in- 
duce: substances or OAR T owe: of their 


example, in craniofacial and skeletal dysplasias, 
deafness may be due to abnormal ossicular forma- 
tion as part of a more generalized bony defect, or 
may be due to abnormal formation of ear structures 
caused by external constraints imposed by the ab- 
normal formation of the temporal bone.? The ac- 
cumulation of metabolites within the ear structures 
can interfere with hearing in storage diseases.*? In 
conditions such as Alport’s syndrome,?* Usher's syn- 
drome,” Jervell and Lange- -Nielsen syndrome,?? 
and Pendred’s syndrome,’ the observed histopath- 
ology of the multisystem organ involvement is sug- 
gestive of a metabolic defect, although the exact 
nature of the defect is presently unknown. 


Sper kan and Mangold. In tlie EN presented 
here, it is proposed that their unusual pattern of ear 
anomalies is consistent with an impaired induction 
mectanism. 

Fortuitous Association of Two Mutant Genes. 
Fraser! has proposed two separate mutant genes . 
segregating together, one causing deafness and the CASE REPORTS 
second, other anomalies, as a possible mechanism in Cas» 1. This male patient was born to a GaP, 23-year-old 
dominant pulmonic stenosis and recessive albinism. mother and a 30-vear-old father. Pregnancy, labor and delivery 


Pati hat ; ‘ati eee | were uneventful. Birth weight was 3,920 g. Except for malformed 
atients with a fortuitous association ot autosoma external ears and right facial palsy, no problems were encoun- 


recessive deafness and autosomal dominant charac- tered during the immediate postnatal period. During the first 
teristics have also been reported. three nonths of life, it was noted that he was hypotonic and failed 


m M amaer 


From the Department of Pediatrics, Henry Ford Hospital, Detroit. 
REPRINTS — Andrew R. Melnyk, MD, Mercy Hospital and Medical Center, Stevecson Expressway at King Drive, Chicago, IL 60616. 
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Fig 1. (Case 1) A) Right and B) left auricles. Note thick 


cupped helices. 


to develop adequate head control. The right facial palsy persisted 
and deafness was suspected due to his failure to attenc to sounds. 
His motor developmental milestones were markedly delayed. At 
12 months of age, he was unable to sit or walk. A functional heart 
murmur was detected at age 3 months. His health has otherwise 
remained good. His weight and head circumference re nained ap- 
propriate. The family history is significant in that his »arents are 
first cousins, and his older brother (case 2) is also deaf, 
developmentally delayed and has abnormal external ears. 


Physical examination performed at 5 months of age revealed 
normal growth parameters. He attended to visual simuli and 
smiled, but showed no response to loud noises. He was markedly 
hypotonic with poor head control and laid in a frog-leg position, 
but actively moved all extremities. He failed to bear weight on his 
legs and a stepping response was absent. He was unable to roll 
over. He had markedly diminished movement of the ight facial 
muscles, and the right eye failed to close on crying. The extra- 
ocular eye movements were intact and fixation nystagmus was 
present. His head was brachycephalic with a prominent forehead. 
There were no cataracts or retinal abnormalities. The ears (Fig 1) 
were low set and dysplastic with cupped, pointed helices. The ex- 
ternal auditory canals were patent but narrow, and the tympanic 
membranes had a normal appearance. There was no thyroid 
gland enlargement. A grade 2/6 systolic murmur was heard at the 
left midsternal border. The remainder of the examiaation was 
normal. 


Audiometrie studies revealed profound bilateral semsorineural 
deafness with virtual absence of response over a frequency range 
of 200-5,000 Hz. The stapedial reflex was absent »ilaterally. 
Caloric stimulation failed to elicit nystagmus bilaterally. Tem- 
poral bone laminograms (Fig 2) revealed the ossicular chains to be 
present with no detectable abnormalities. The internal auditory 
canals, cochleas, and vestibular apparati were absent. :omputer- 
ized tomography of the brain demonstrated modera e enlarge- 
ment of the ventricles and basilar and subarachnoid cisterns with 
narrowing of the brainstem. A chest x-ray study and EKG were 
normal, The G-banded karyotype was normal. Complete blood 
cell count (CBC), urinalysis, thyroxine (Tą) and thyroid 
stimulating hormone (TSH) results were also normal. 


Case 2. This patient is the 4'5-year-old brother of the proband 
(case 1). Pregnancy, labor and delivery were uncomplicated. Pro- 
found deafness was diagnosed in early infancy, and his motor de- 
velopment was markedly delayed. He began to walk a age 3. He 
presently attends a school for the deaf but functions at ¿ decreased 
level of intelligence, even when his deafness is considered. His 
general health is good and physical growth parameters are age- 
appropriate. 


Physical examination reveals ear anomalies similar (Fig 3) to 
those of his brother, but somewhat less pronounced. There was no 
nystagmus or facial asymmetry. The optic fundi appeared nor- 
mal. He had good muscle tone but his gait and gross arxl fine mo- 





Fig 2. (Case 1) Left and right AP view temporal bone 
laminograms. Large arrows indicate nona Appearing OS- 


sicular chain. Small arrows indicate external auditory 
canals. Internal auditory canals, cochleas, and vestibular 
apparati are absent. 


ter movements were somewhat clumsy. His external auditory ca- 
nals and tympanic membranes were normal in appearance. There 
was no fixation nystagmus, and reflex nystagmus was not elicited 
b- calorie stimulation. The thvroid was not enlarged. His heart 
rete was regular and there was no heart murmur. The remainder 
of his examination was normal. His parents and two other broth- 
ers are unaffected. 

Audiometric studies revealed profound sensorineural deafness. 
Haring sensitivity was estimated to be at the same level as in the 
brother (case 1). Skull laminograms (Figs 4-6) revealed absence of 
cochleas and severely malformed vestibular and semicircular 
canals. The ossicles appeared normal. At age 4 years 1 month his 
cognitive nonverbal skill development, tested by the Johnson 
Nenverbal Performance Scale, was at a 3 to 3.5-year-old level. 


DISCUSSION 


Over 140 genetic and metabolic causes of deaf- 
ness are documented by Konigsmark and Gorlin,? 
and summarized in the Table.* The majority of these 
veses are sensorineural deafness (65 % ) and are rare- 
ly associated with auricular malformations (1.4%), 
wnereas if a conductive component is present, with 
or without a neural component, associated auricu- 
lar abnormalities are much more likely to be en- 
ccuntered (12%). Conversely, if the auricles are 





Fig 3. (Case 2) A) Right and B) left auricles. Helices are 
thick and folded, but to lesser extent than those of brother 
(Fig 1). 
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Fig 4. (Case 2) A) Right and B) left AP view temporal bone 
laminograms. Normal ossicles are indicated by arrows. 


malformed, a conductive defect is more likely pres- 
ent, while a sensorineural defect is more likely to be 
present if the auricles are normal. 


As can be seen from the Table of the genetic 
causes of sensorineural deafness, only two of 92 
(2.3% ) are associated with malformed auricles. The 
patients presented in this report are an example of 
the uncommon association of auricular and inner 
ear malformations with sparing of the middle ear. 
This association also occurs in trisomy 18? and in the 
syndrome of sensorineural deafness with preauricu- 
lar pits and branchial fistulas. The origin of this 
tvpe of malformation association is not as readilv 
explainable as in the condition where auricular and 
middle ear malformations occur together, with 
sparing of the inner ear. For example, in syndromes 
of first and second branchial arch malformations, it 
is common to encounter auricular and middle ear 
anomalies together, usually with normal inner ear 
structures.? The embrvogenesis of such an associa- 
tion is explained bv the auricles and ossicles all be- 
ing derived from the first and second branchial 
arches. The fact that the inner ear is intact in such 
syndromes is thought to be due to its origin in the 
auditorv placode, which is anatomicallv distinct 
from the branchial arches and presumably develops 
independently of them. 


A mechanism by which auricular and inner ear 
anomalies can occur together can be formulated on 
the basis of the work of Yntema.'? His studies of in- 
ner ear development in amphibians have shown 
that normal development of the inner ear is depen- 
dent on the inductive influence of the chorda- 
mesoderm and the neural tube. Initial differentia- 
tion of the ear is directed bv the induction of the 


Fiz5. ‘Case 2) A) Right and B) left AP view temporal bone 
laminograms. Arrows point to abnormally structured, 
dilatec semicircular canals. 


chorda-mesoderm, which comes to lie beneath it 
durinz the late gastrular stage. As neural tube clos- 
ure approaches completion (week 4), the mesoder- 
mal ind ictive influence begins to wane, and further 
inductien of the ear ectoderm is effected bv the 
neural tube which is adjacent to it during the 
neurulation period. Under the influence of this 
neural induction, the otic placode appears and pro- 
ceeds to form the otocyst, which migrates mediallv 
towards the rhombencephalon. The cochlea, utri- 
cle, saccule and semicircular canals all originate 
from the otocyst. 


Yntema has shown that for normal induction to 
occur, the inductive influence on the target tissue 
must oecur in synchrony with the ability of the 
target t ssue to respond to induction (competence). 
The peak of the competence period precedes the 
peak of the induction period, both for mesodermal 
and nevral induction. 


While the otocvst is differentiating under the in- 
fluence of mesodermal and neural induction, the 
auricle is being formed from the six auricular 
hillocks, which appear as swellings on each side of 
the first branchial groove. The major portion of the 
auricle is formed from the second arch giving rise to 
the helix, anthelix, antitragus, and lobule while the 
first arch forms the tragus and part of the helix. 


MESODERMAL INDUCTION DEFECT AND EAR MALFORMATION 163 





Fig 6. (Case 2) Temporal bone laminograms, right lateral 
projection. Arrows indicate A) normal ossicles anc B) ab- 
normal semicircular canals. 


Although the inner ear differentiates in response 
to mesodermal and neural induction, the structures 
which induce the development of the aurieles have 
not been identified. On the assumption that the 
auricles also develop, at least in part, in response to 
mesodermal induction, a model can be proposed ex- 
plaining the malformation pattern in our patients. 
The patients in this report have absence of mner ear 
structures, or at best, rudimentary structures, a 
type of abnormality first described by M chel.* A 
defect of this kind could have resulted from failure 
of the otocyst to differentiate very early in its 
course, coincident with the period of mesodermal 
induction. The auricles in our patients, although 
malformed. are comparatively less severely affected 
than the inner ear, strongly suggesting that factors 
in addition to mesodermal induction play a promi- 
nent role in their development. Based on the above 
observations, the following mechanisms may ex- 
plain the pattern of the ear anomalies in our pa- 
tients: 


1. Deficient Action of An Inducer Substance. If 
one assumes that a mutant gene is responsible for 
the production of a defective mesodermal inducer 
substance, the result can be early failure of the otic 
placode and auricular hillocks to differentiate nor- 
mally. Since both the otic placode and auricular 
hillocks are of ectodermal origin, while the ossicles 
originate from branchial arch mesoderm, one may 
conclude the defective inducer substance exerts 


GENETIC CAUSES OF DEAFNESS CLASSIFIED 
BY TYPE AND ASSOCIATION WITH MALFORMATION 
OF AURICLES® 





Auricles Auricles 

Cases Malformed Normal 

. Type No. % No. % No. % 
S-nsorineural 09 64.8 2 LAI 90 63.4 
C onductive 2] 14.8 9 6.35 19 8.4 
Mixed 29 20.4 8 5.64 21 14.8 
142 100.00 19 13.40 123 86.6 


specific action on certain structures of ectodermal 
o-igin. On the other hand, production of a defective 
neural inducer may cause conditions where the 
structures are all present, but malformed, repre- 
senting an induction defect during a later stage of 
ear devemopment. Furthermore, the mesodermal 
ir duction defect may also be responsible for the 
b-ainstem defect identified in the first patient. Evi- 
dence that mesodermal induction plays a role in the 
regional differentiation of the neural axis has been 
povided by Saxon and other investigators." 


2. Deficient Competence of Target Tissues. The 
cempetence of a target tissue is determined by the 
action of the inducer substance possibly by means of 
it: recognition and interaction with a cell surface 
receptor. If this cell surface receptor were to be 
a tered in its structure, the competence of the target 
tissue could be compromised, rendering it unre- 
sponsive to the action of the inducer substance, re- 
sulting in incomplete or abnormal differentiation. 
A known analogy to such a situation is seen in the 
testicular feminization syndrome, which is due to 
uaresponsiveness of target tissues to androgens. 
laus, impaired competence of ectodermal tissues 
from which the otic placode and auricular hillocks 
develop can be responsible for the malformations 
present in our patients. Another possibility is that 
the competence itself is not altered, but that its peak 
period is out of phase with the inducer effect. This 
timing error would result in the same malformation 
complex. 


The mechanism proposed here attempts to link 
the existence of malformations of several anatomic 
structures which are presumed to form indepen- 
dently of one another to a common source. In this 
cese a mutant recessive gene, which produces either 
a defective mesodermal inducing factor or possibly 
a defective cell surface recognition factor, is the 
probable cause. Although inducer substances have 
nct been isolated from human tissues, the poly- 
peptide nature of inducing factors was demon- 
steated by Tiedemann et al," who succeeded in ex- 
tracting mesodermal and neural inducting factors 
from animal tissues and subjecting them to inac- 
tivation by the proteolytic enzymes. Other in- 
vestigators'' succeeded in isolating, in pane form, 
the CNS "mesodermalizing" factor from avian and 
ariphibian embryos. It has also been shown"! that 
some inducing factors exert their action over con- 
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siderable distances with no dependence on intercel- 
lular contact, while other classes of inducing factors 
have a local effect requiring intercellular contact. 
The former inducing mechanism is exemplified in 
the process of embryonic sex differentiation, where 
androgens produced by the embryonic testis exert 
their effect on the urogenital sinus in inducing the 
development of male external genitalia. A known 
example of the latter mechanism is present in the 
formation of the kidney, where the metanephrogen- 
ic mesenchyme is induced to form nephrons by the 
ureteric bud. Recently, is has also been shown that 
cytoplasmic processes from the spinal cord extend 
into the metanephrogenic mesenchyme, and are in- 
strumental in the induction of tubule differentia- 
tion. Renal dysplasias may, therefore, represent a 
defect in local induction. In the thalidomide em- 
brvopathy, where the anomalies are very likely due 
to impaired induction of limb development, auricu- 


lar anomalies and a Michel-type inner ear defect 
have also been described." 


SUMMARY 


The association of extra-auditory anomalies in 
genetic deafness syndromes has generally been at- 
tributed to pleiotrophy, fortuitous association of 
more than one mutant gene, or a chromosome de- 
fect not detectable bv present techniques. It is pro- 
posed that an additional mechanism can be a defect 
of induction during embrvogenesis. In the patients 
presented in this paper, we applied this concept to 
explain their pattern of malformations in the light 
of the present state of knowledge of embryonic in- 
duction. This concept can be applied to various 
other multiple malformation syndromes whereby a 
mutant gene, acting during a specific period of 
organogenesis, is responsible for disruption of the 
normal induction-competence relationship. 
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EYE MOVEMENTS IN CEREBELLAR AND COMBINED 
CEREBELLOBRAINSTEM DISEASES 
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BENGT HINDFELT, MD ILMARI PYYKKÖ, MD 


LUND, SWEDEN 


We report a quantitative analysis of eye movement disturbances in patients with isolated cerebellar disorders and patients with cere- 
bellar disorders and concomitant brainstem involvement. The most characteristic abnormalities in the exclusively cerebellar patients were 
increzsed velocities of the slow phases of vestibular nystagmus induced by rotation in the dark and increased peak velocities of the fast 
phases of optokinetic nystagmus induced by full-field optokinetic stimuli. Desmetria of saccades was found in three of six cerebellar pa- 
tientsand gaze nystagmus in all six patients. The typical £ndings in the combiaed cerebellobrainstem group were reduced peak velocities of 
voluncarv saccades, defective smooth pursuit and reduced peak velocities of -he fast component of nystagmus during rotation in both the 
dark and light. All patients with combined cerebellob-ainstem disorder had dysmetric voluntary saccades and gaze nystagmus. The 
numbers of superimposed saccades during smooth pursuit were uniformly inereased. Release of inhibition in cerebellar disorders mav ex- 
plain che hyperresporssiveness and inaccuracy of eve movements found in this study. In addition, when lesions also involve the brainstem, 
however, integrative centers coding eve velocity are af'ected, leading to slow and inaccurate eve movements. These features elicited 


clinically may be useful in the diagnosis of cerebellar arel brainstem disorders. 


INTRODUCTION 


Previous studies in patients with presumed cere- 
bellar lesions have often failed to describe a con- 
sistert pattern of oculomotor abnormalities.’ ? This 
incor sistency may have been due to the presence of 
lesions also involving the brainstem in some of the 
patients. Recently eye movement disorders in pa- 
tients with presumed cerebellar atrophy have been 
reported.^?^ It was not documented, however, 
whetier the findings were similar in cerebellar 
disorders irrespective of etiology. Furthermore, ex- 
cept ‘or voluntary saccades, no analysis of fest eye 
movements was made. As will be demonstrated in 
the present results, differences in fast phases of 
nvstazmus can be just as indicative of a cerebellar 
lesior as those in slow phases of nystagmus. 


In his study, we analyzed the patterns of the var- 
ious types of eye movements in two groups of pa- 
tients. the first with signs of cerebellar origin only, 
and the second with signs of both cerebellar and 
brain:tem involvement. First, we hoped to distin- 
guish these two groups of patients on the bzsis of 
characteristic differences in the oculomotor func- 
tion and second, we wanted to compare the vulner- 
ability of different types of rapid eve movements. 


METHODS 


Eack group consisted of six patients (Table 1). The first group 
had exelusive signs of cerebellar involvement, while the other 
group exhibited cerebellar dysfunction combined with disorders 
of the cranial nerves and of sensory or pyramidal traets, in- 
dicating involvement of brainstem structures (Table 2). The diag- 
nosis was confirmed by neurological work-up including neuro- 
ophthalmological examination and computerized axial tomog- 
raphy. 


As controls, we used 20 normal persons without any history of 
vestibular or neurological disease, ten males and ten females. The 
mear age was 48 years (range 23 to 72). The age of the controls 
corresponded roughly to those of the diseased subjects (Table 1). 


Test Procedure. Voluntary saccades were evoked by asking the 
patieat to look alternatingly at light diodes located horizontally 
0.08, 0.17, 0.35 and 0.59 radians on each side of the midline. At 
least “ive saccades were recorded for each angle and direction. 


Smooth pursuit was evoked by telling the patient to track a 
light spot 30 mm in diameter, at a distance of 160 em, moving at a 
constant velocity on a horizontal screen. The test was conducted 
at velocities of 0.17, 0.35, 0.52, 0.70, 0.87 and 1.05 radians per 
second (rps). The test was performed both to the right and to the 
left. “ive recordings were made in each direction and at each 
velocity. 


TAELE 1. DIAGNOSIS AND DURATION OF SYMPTOMS 
IN PATIENTS WITH CEREBELLAR AND 
CEREBELLOBRAINSTEM DISORDERS 


mn"———————————————Ó'''V'''——— € ———————— ————————————— 


Duration 
of 
Symptoms 
Before 
Patients EOG 
_ Group | No. Age č  . Diagnosis Recording 
Cerebellar 
discrders l 49 Infarction 2 wk 
2 39 Atrophy l'h yr 
dé 392 Atrophv l yr 
4 50 Metastasis l'h mo 
5 53 Multiple sclerosis 2 mo 
6 52 Hematoma l'5wk 
Cerebellobrain- 
stem disorders — 7 33 Degeneration l vr 
8 47 Encephalitis l vr 
9 7 Medulloblastoma ll vr 
10 36 Infarction 2 wk 
1] 69 Metastasis l yr 
12 33 Ependymoma 2 yr 


EOG - Electro-oculogram. 


Fron the Departments of Otolaryngology (Wennmo, Pyykké} and Neurology (Hincfelt), University Hospital of Lund. Sweden. 
REPRINTS — C. Wernmo, Dept. of Otolaryngology, University Hospital of Lund, 3- 291 85 Lund, Sweden. 
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TABLE 2. EVIDENCE OF INVOLVEMENT OF DIFFERENT STRUCTURES IN PATIENTS WITH CEREBELLAR 
AND CEREBELLOBRAINSTEX DISORDERS 


Patients 
| LLL Group No. I ll ii IV V VI 
Cerebellar disorders — 1 
2 
3 
4 
5 
6 
Cerebellobrainstem 
disorders 7 
§ + + + 
9 
10 + 
lI 
12 


Vestibular nystagmus was induced by rotating the subject in a 
chair accelerated within one second to a constant velocity of 2.1 
rps. After rotation for one minute the chair was decelerated to a 
standstill within one second. The rotatory and postrotatory re- 
sponses were measured. 


Optokinetic nystagmus was induced by rotating, around the 
patient, a striped cylinder at a velocity of 1.6 rps. 

Optovestibular nystagmus was evoked by rotating the patient, 
with eves open, in the same way as in the rotation test but this 
time inside the striped cylinder. 


Each patient was examined for spontaneous and gaze nystag- 
mus, with eyes open in darkness during the electro-oculographic 
recordings and with Frenzel’s glasses in light. 


The eye movements were recorded with a DC electro-oculogra- 
phic technique with infinite time constant and upper cutoff fre- 
quency of 15 Hz. Horizontal eve movements were recorded bi- 
temporally, and vertical eye movements were recorded monocu- 
larly. Standard electrodes (Medicotest) with jelly were used. The 
recorder was a DC-coupled ink-jet writer (Mingograph M 81, 
Siemens Elema, Stockholm). Paper speed was 100 mmis. Two 
calibration tests were made, one before and one in the middle of 
the test. 


The main thrust of this study was to analyze velocities of volun- 
tary saccades, smooth pursuit and velocities of the fast and slow 
components of vestibular, optokinetic and optovestibular nystag- 
mus. In addition, the accuracy of the saccades and the total num- 
ber of superimposed saccades during smooth pursuit were mea- 
sured. 
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Caicidation and Statistical Evaluation. Peak velocity was 
measared from the recordings by handscoring and the data were 
calei:ated by computer (Univac-11-08-EXC-8). As the velocity of 
rapic eye movements is related to the amplitude, the peak velo- 
cities of the rapid eve movements were arranged in six different 
groups according to amplitude.** Maximum velocity of the slow 
component was measured at the response culmination. The max- 
imura velocity of the smooth pursuit was measured during the 
time the patient was observing the target (the velocity of the 
superimposed saccades was not studied). The peak velocity of 
each type of eve movement for each patient was compared to the 
mez of the peak velocities in 20 normal subjects. Those velocities 
which ell outside the 95% confidence limit were regarded as 
pathological. The accuracy of the initial saccade, expressed by the 
ampiitude, was compared to the mean value in 20 normal sub- 
jectszit amplitudes of 0.35 and 1.05 radians. Values outside 2 SD 
from the mean value were regarded as pathological. The same 
evaluation was made for the total number of superimposed sac- 
cades daring a constant period of eve tracking. 


RESULTS 


Votuntary Saccades. The results obtained by ana- 
lyzing the peak velocities of voluntary saccades are 
shown in Figure 1. In the cerebellar disorder group, 
reduced peak velocities were observed in one, nor- 
mai peak velocities in four, and increased peak velo- 
cities in one patient. In the cerebellobrainstem dis- 
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Fig. 1. Amplitude-peak velocity relationship of voluntary saccades in patients with A) cerebellar and B) cerebellobrainstem 
disorders. Each curve represents one individual. Dashed lines represent 2 SD on each side of mean peak values in 20 normal 
subjects.* Vel. - Velocity; ampl. - Amplitude: rads' - Radians per secoad. 
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Fig. 2. Maximum velocities of smeoth pursuit at different target velocities in six patients w ith 
A) ie and B) cerebellobrainstem disorders. Dasked lines and abbreviations as in Fig. 1. 


Targ. vel. - Target velocity. 


order group all patients displaved reduced peak ve- 
locities. 


Inaccurate voluntary saccades, primarily hvpo- 
metria, were found in three cerebellar patients. All 
six patients with cerebellobrainstem disorders showed 
dysmetric voluntary saccades. 


Smooth Pursuit. Figure 2 exhibits individual 
maximum smooth pursuit velocity curves. in the 
cerebellar disorder group, smooth pursuit velocity 
was reduced in two and normal in four patients, 
while in the cerebellobrainstem disorder grou», five 
subjects exhibited reduced smooth pursuit velocities 
and the velocity was normal in one. 

The number of superimposed saccades was in- 
creased in two subjects in the cerebellar group. One 
of them had normal smooth pursuit velocity, while 
the second had significantly reduced velocity. The 
frequency of superimposed saccades in the cere- 
bellobrainstem group was increased in five and nor- 
mal in one patient. 





Vestibular Responses. Eye movements in re- 
sponse to rotational stimuli revealed pronounced 
differences between the two groups. In the cerebel- 
lar disorder group, the maximum velocity of slow 
phases of nystagmus was increased in five subjects 
and decreased in one, whereas in the cere»ello- 
brainstem disorder group two subjects exhibited 
reduced velocity in the slow component of nvstag- 
mus and four were normal (Fig. 3). 


The peak velocity of fast phases of nystagmus in 
cerebellar patients (Fig. 4A) was significantly in- 
creased in three, within the normal range ir. two 
and significantly slow in one subject. However, in 
the cerebellobrainstem group. five patients pre- 
sented abnormally slow peak velocities, while the 
velocity was increased in one patient (Fig. 4B). 


Optokinetic Responses. In patients with cere- 
bellar disorders, the slow component of optokinetic 


nys:agmus was above the normal range in two, 
witain normal limits in three, and below the nor- 
mal range in one subject. In the patients with cere- 
bellobrainstem disorders, the maximum velocity of 
the slow component of optokinetic nystagmus was 
normal in one and decreased in five subjects. 


In the fast components of optokinetic nystagmus 
the peak velocities in cerebellar patients were in- 
creased in five subjects and normal in one, while in 
the eerebellobrainstem patients, the peak velocities 
of the fast component were normal in two and de- 
creased in four. 
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cerebellum pons-cerebellum 


Fig. 3. Slow phase velocities at the culmination response of 
the postrotatory reaction in patients with cerebellar and 
cerebellobrainstem disorders. Dashed lines and abbrevía- 
tions as in Fig. 1. 
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Fig. 4. Amplitude-peak velocity relationship of the fast phases in the ^etatory test in A) cerebellar and B) cerebellobrainstem 


patients. Dashed lines and abbreviations as in Fig. 1. 


Optovestibular Responses. All cerebellar patients 
who were tested (5/6) had normal peak velocities in 
the slow phases (Fig. 5). In the fast phases, three pa- 
tients exhibited significantly increased velocities. In 
the cerebellobrainstem group, three patients had 
decreased velocities in both components, while two 
had decreased velocities only in the fast phase. 


Table 3 is a summary of the findings in all types 
of eve movements. 


Spontaneous and Gaze Nystagmus. In the cere- 
bellar disorder group, two of the patients exhibited 
a horizontal spontaneous nystagmus, five had 
direction-changing gaze nystagmus, and one had 
direction-fixed gaze nvstagmus. Downbeat nvstag- 
mus was observed in one patient. 


In the cerebellobrainstem group, three subjects 
exhibited spontaneous nystagmus and all subjects 
demonstrated direction-changing gaze nystagmus. 


DISCUSSION 


The vestibulocerebellum and the dorsal and pos- 
terior vermis are particularly closely related to ocu- 
lar motility." '? These areas are known to receive at- 
ferent signals via visual and vestibular pathways.’ 
Lesions of the dorsal vermis can cause saccadic in- 
stability," while changes in smooth pursuit are 
found in cases of floccular process. '* 


Findings of increased velocities of the two types 
of rapid eve movement, voluntary saccades and fast 
phases of ny stagmus (Table 3), have not prev iously 
been reported in cerebellar lesions. Thus, in such 
cases, a normal amplitude-velocity relationship of 
voluntary saccades has been reported by Aschoff 
and Cohen,’ Zee et al,* and by Ellenberger et al,’ 
while even reduced velocities were found by Baloh 
et al.? The conclusions drawn from our findings are 
supported to some extent by the observation of Ron 
and Robinson'* who, bv varying electrical stimula- 
tion of the cerebellum, were able to provoke varia- 


tiors in saccadic velocitv. It is not clear, however. 
hax; this velocity increase, as found in our study, 
car be explained. It may well indicate an increased 
frequency of spikes in neurons responsible for rapid 
eve movements, or a too-early interruption of a sac- 
cace or quick phase preprogrammed to larger am- 
pliades. Some observations in animal experiments 
suggest the latter possibility.'* 


Inaccuracy of voluntary saccades is a phenom- 
ene n repeatedly found in patients with lesions of the 
cer2bellum.*" Both hypermetria and hypometria 
occur, even if hypometria is the more common"? 
and is rather typical of vermal lesions.’'? Hypo- 
metria of saccades is a common finding in various 
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Fig. 5. Maximum slow phase velocities in the optovestib- 
ular test in pu with cerebellar a cere rebellobrainstem 
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TABLE 3. FINDINGS* OF EYE-MOVEMENT TESTS IN PATIENTS WITH CEREBELLAR 


te e e a e e ele n n rnm er ai a ea a A a a A e fl i a eS ATE SS PA T a e I T TH MI P PII SA IPHONE INSTALE PA Ia a EAR A m rac Mme ye e A ATA irn 


Fatients Type of Pursuit Saccade Rotation OKN Optovest. Superimposed 
Group —— No. Lesion — Velocity Velocity Fast _ Slow _ Fast Slow — Fast — Slow —— Dysmetria — Saccades — 
Cerebellar l 
disorders ] Infarction N N + + + + N N No N 
2 Atrophy N + E + + + + N No N 
3 Atrophy — N N + + = + N Yes * 
4 Metastasis N N * + + N + N Yes N 
5 Multiple 
sclerosis N N N * + N N N No + 
6 Hematoma EE — — — N N Yes N 
Cerebello- 
brainstem 
disorders 7 Degeneration N — — RA — e o Yes 
8 Encephalitis — — + — N — Yes * 
9 Medullo- 
blastoma — — — N — — — N Yes * 
10 Infarction E — =- N N N -— N Yes + 
1] Metastasis — — - N c ~ ee Yes + 
12 Epen- 
dymoma — — — N ~~ me — Yes * 
“Values outside 2 SD from the mean values in 20 normal subjects are regarded æ pathological. 
N - Normal: — - Decreased: + - Increased: OKN - Optokinetic nystagmus: Optevest - Optovestibular. 


brain disorders and a very striking inaccuracy of 


saccades has been found in patients with frontal 


lobe lesions. In the present study inaccuracy of 


saccades, reflected overwhelmingly by hvpometria, 
was more frequently found in patients with cerebel- 
lobrainstem lesions than in patients with cerebellar 
lesions. 


The velocity of smooth pursuit was decreased in 
two ef six patients with cerebellar disorders. Baloh 
et al’ and Zee et al frequently found impaired 
smooth pursuit in patients with cerebellar ataxia. 
The visual information for smooth pursuit is believed 
to be projected via the dorsal capsule of the inferior 
olive to the vestibulocerebellum.???' Furthermore, 
selective lesions of the flocculus in the monkey im- 
pair the ability for smooth tracking.'* In hereditary 
cerebellar ataxia, cell degeneration occurs in the 
flocculus, the inferior olive and various cerebellar 
nuclei, all structures possibly important for per- 
forming smooth pursuit. In the present study, some 
cerebellar patients had normal smooth pursuit ve- 
locity. indicating that the floccular output was still 
adequate in these cases. Another possibilitv might 
be that the cerebellar dvsfunction was compensated 
for by mechanisms elsewhere.* In contrast to this 
normal smooth pursuit, five of six patients with 
cerebellobrainstem lesions showed a reduced 
smoota pursuit velocity. It must therefore be ex- 
pectec that in the brainstem, structures involved in 
performing smooth pursuit are verv sensitive to le- 
sions, as was also indicated in a previous study.”? 


Low velocity in smooth pursuit affected by cere- 
bellobrainstem lesions was compensated for by su- 
perimposed saccades. In one of the patients with a 
cerebellar disorder we found normal smooth pursuit 


velocity, and in spite of this an increased number of 


superimposed saccades. Thus, a higher readiness for 
saccadic release was present than was needed in 


order to assist the smooth pursuit svstem. However, 
in the majority of the patients with cerebellar dis- 
orders, superimposed saccades compensated for a 
low smooth pursuit gain. 


Tne inhibitory effect of the cerebellum as exerted 
on the vestibular nuclei? provides an explanation 
for the changes in the velocity of the nystagmic slow 
comoonent. Moreover, Ito et al?* showed that elec- 
tricel stimulation of the flocculus causes increased 
inhisition of the ipsilateral vestibular nucleus and 
hence a diminished horizontal canal reflex. Fur- 
thermore, Takemori and Suzuki? observed that le- 
sions of the deep cerebellar nuclei, responsible for 
relaxing the major output from the cerebellar cor- 
tex, ead to a marked increase in the velocity and 
duration of caloric nvstagmus. In cerebellar lesions, 
loss ef inhibition of the neuronal activity initiated 
by the horizontal canal svstem?? could thus explain 
the present findings of vestibular hyperactivity in 
patients with cerebellar disorders. 


Several reports have dealt with optokinetic nvs- 
tagnris in experimental cerebellar lesions. In fo- 
veate animals the optokinetic slow phase consists of 
two portions.*°?’ The initial rise, characterized by 
an in mediate increase in velocity of the optokinetic 
nystazmus, is followed by a slow rise, consisting of 
accumulations of velocity increments." The former 
is bekeved to use smooth pursuit mechanisms and 
the latter, vestibular mechanisms./"?? In non- 
foveace animals, like rabbits??? ablation of the 
cerebellum has little effect on the slow phase veloci- 
tv of optokinetic nvstagmus, indicating that op- 
tokinetic engagement via vestibular pathwavs is not 
dependent on the cerebellum. In foveate mammais, 
as in monkeys’? or in human beings,’ cerebellar le- 
sions .ead to a decrease in slow phase velocity. its 
time constant being prolonged together with a 
reduced gain. This indicates that optokinetic 
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nvstagmus using smooth pursuit mechanisms is 
dependent on cerebellar function. 

When in the optokinetic test the optokinetic 
drum is operated D higher velocities (1.57 rps), the 
patient is quite unable to fixate.? Therefore, it is 
mainly the reflexive type of optokinetic nystagmus 
which is tested." This can explain why the op- 
tokinetic responses could remain intact in cerebellar 
lesions and even be enhanced in much the same wav 
as the slow component of vestibular nystagmus. 

The velocity of the slow component of optovestib- 
ular nystagmus was normal in all the subjects with 
cerebellar disorders, while it was decreased in all 
but two subjects with cerebellobrainstem lesions. 
The reason for the normal values could be 1) co- 
operation between the visual and the vestibular 
svstems compensating for defects in optokinetic and 
vestibular nystagmus, or 2) hyperactivity in the 
vestibular response, restoring the reduced op- 
tokinetic response. 


CONCLUSIONS 


In spite of the diversity of the results in the dif- 
ferent tests, they are connected by a thread of con- 
sistency that seems to suggest a constellation that is 
unique to a cerebellar disorder compared with a 
cerebellobrainstem disorder. 


It sems possible to distinguish a cerebellar lesion 
from one that involves the brainstem on the basis 
that “pure” cerebellar patients generally show 1) in- 
creased or normal peak velocities of voluntary sac- 
cades, while the cerebellobrainstem patients have 
decreased velocities; 2) increased or normal re- 
sporises of the maximum velocity in the fast and/or 
slow component of vestibular nystagmus, compared 
with decreased or normal velocities in cerebello- 
braisstem patients: 3) increased or normal peak ve- 
locitzes in the fast component in optokinetic nvstag- 
mus, whereas decreased or normal velocities in the 
same type of nystagmus are found in cerebello- 
braimstem patients; 4) increased or normal peak 
velocities in the fast phase of the optovestibular test 
comeared with decreased velocities in the cerebello- 
braiastem group. 


Ic the same way it would seem possible to distin- 
guisa a patient with a cerebellar lesion from a nor- 
ma! person on the following basis: 1) inaccuracy of 
volimtary saccades, 2) defective smooth pursuit, 3) 
increased peak velocities in the fast i or slow 
component in the rotatory test, 4) increased peak 
velocities in the fast component of optokinetic nvs- 
tagraus, and 5) inability to hold eccentric gaze. 
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FIFTH INTERNATICNAL SYMPOSIUM ON THE FACIAL NERVE 


The Fifth International Symposium on the Facial Nerve will be held in Bordeaux, France, on September 3-6, 1984. Topics to be 
covered include basic sciences, clinical and paraclinical investigations, hem ‘facial spasm, medical and physical care, neurosurgery of the 
facial nerve, anastomosis surgery and plastic surgery. Fresentation will be m English; French (with simultaneous translation). 


Papers are being solicited and may not exceed ter minutes in length for presentation. Titles should be forwarded to the Congress 
Secretariat, Fondation Portmann, 114 Avenue d'Ares, 30074 Bordeaux Cedex, France, before June 1983. 
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THE DEAFNESS RESEARCH FOUNDATION — 1984 RESEARCH GRANTS 


The Deafness Research Foundation invites applications for its 1984 grants in support of new research that promises to advance under- 
stand ng of the causes, treatment and prevention of deafness and related ear disorders. The grants will be awarded to tax-exempt institu- 
tions ‘or projects that will begin January 1, 1984, with the principal investigator of each project a member of the staff or faculty of such in- 
stitut:on. The grants do not exceed $10,000, and can be competitively renewed with the same limit for an additional one or two years. Ap- 
plicatons are reviewed for their scientific merit and for their direct or potertial clinical importance. 


The deadline for first-year applications is July 15. 1983; for renewal appkeations, August 15, 1983. For full information on the grants 
program, and for the required application form, please write to Grants Admirástrator, Deafness Research Foundation, 55 East 34th Street, 
New York, NY 10016. 
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EPIDEMIOLOGY OF SECRETORY OTITIS MEDIA 
A DESCRIPTIVE COHORT STUDY 


M. FIELLAU-NIKOLAJSEN, MD 


HIOERRINC, DENMARK 


To determine the prevalence, incidence, and course of secretory otitis media in an age-group population, 404 3-vear-old children in a 
town in Denmark were examined at 6-, 8-, and 12-week intervals over a 6-month period. At each of the four examinations approximately 
20% of the children had middle ear effusion (MEE); it was found at least once in 42% of the children, and 6% had persistent effusion at all 
four examinations. Average duration of MEE was 3 months. Since spontaneous recovery rarely occurred when MEE had been present for 
more than 3 months, active intervention is recommended after the condition Eas been followed for this length of time. The highly fluc- 
tuating course of MEE demonstrated in early childhood has important impiicasions for concepts in pediatric middle ear disease and treat- 


ment. 


INTRODUCTION 


Secretory otitis media (SOM) is a disease in which 
there is a middle ear effusion (MEE), the tympanic 
membrane is intact (nonperforated), and symptoms 
of acute inflammation are absent. Because MEE 
impedes sound transmission, it results in an average 
conductive hearing loss of 22 to 33 dB in 3-year-old 
children.' Hearing loss at this age can have a dele- 
terious effect on language and speech development.’ 
Moreover, evidence indicates that permanent mid- 
dle ear disorders may result from conditions which 
first develop at an early age.’ 


Although morbidity from middle ear disorders in 
the first years of life is known to be great,*" the in- 
cidence and prevalence of MEE in large age-group 
populations has apparently not been reported nor 
the course of SOM in such groups systematically 
documented. This study was undertaken to deter- 
mine the prevalence, duration, and course of MEE 
in 3-vear-old children in a medium-size city in Den- 
mark. A further objective was better understanding 
of the etiology and epidemiology of MEE to en- 
hance management of this disorder and to inform 
decisions regarding preschool screening procedures 
and follow-up evaluations. 


SUBJECTS AND METHODS 


In 1978-1979, the population of 3-year-old (36 to 48 months) 
children in Hjoerring, Denmark, were screened for inclusion in 
the study. Selection procedures are described in detail in previous 
publications.*5* Of the 456 children screened, 404 were included 
in the study and underwent impedance audiometry testing and 
pneumatic otoscopy four times during the study period: August 
1978, September 1978, November 1978, and February 1979. In 
all children intervals between testing differed by no more than + 
eight days (Fig 1), and no disorder identified was treated until 
after the fourth testing session. 


The impedance data included automatic X-Y recorded tym- 
panometry (Madsen tympanometer, model Z0-73, testing tone 220 
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Hz, pressure reduction 30 mm H,Q/s, Madsen Electronics, 
Oskvilie, Ontario, Canada; Hewlett-Packard X-Y plotter, model 
7010A.132 Hewlett-Packard Co, Avondale, Pa) combined with 
contralateral and ipsilateral measurement of middle ear reflexes 
at 1,060 Hz with no pressure gradient across the tympanic mem- 
brane. If no discernible deflection of the written reflex recordings 
was noted at 100 dB (ruling out artifacts and not considering 
on/off phenomena), the middle ear reflexes were considered to be 
absen:. 


Geegraphical Context. The municipality of Hjoerring consists 
of a medium-size urban town with a population of approximately 
20.009. several villages, and fairly widespread, sparsely built-up 
areas. It is representative of Denmark with respect to degree of 
urbarázation, population characteristics, and climate and geogra- 
phy. Denmark is in the northern temperate zone in close proxim- 
itv to major seas which moderate its climate. Temperature and 
rainfall during the study period were comparable to mean values 
reported during the same months over a period of years. The 
studs period was also typical with respect to incidence of con- 
tagious disease. 


Classification of Results. As pointed out by Haughton,’ de- 
tection of fluid via tvmpanometry is a relatively difficult task in 
an EXT clinic population because often dry ears have conductive 
defects that produce an abnormally low compliance at the drum. 
Brooxs’® reported that the frequency of abnormal tvmpanometry 
not selated to the presence of MEE increased with age. Im- 
pedance audiometry was selected because it is an objective, 
reliable, and noninvasive method of demonstrating middle ear 
disturbance and is practical for use with all ages.* Since the validi- 
ty ofthe impedance test for predicting MEE in preschool children 
has aot been established, obtaining a measure of validity was a 
further objective of the study (Fig 1). 


In 44 children the tvmpanogram remained flat or showed an 
intratvympanic pressure  — 100 mm HO persistently in one or 
both ears at all four examínations. These children had bilateral 
mvringotomies an average of ten days (range five-15 days) after 
the fourth screening in February 1979. Within a half hour prior to 
surgerv, which was carried out under general anesthesia without 
nitraus oxide, the impedance tests were repeated and the results 
compared with the myringotomy findings (Table 1). The ex- 
perieneed ENT surgeon who performed the operations and re- 
corded the myringotomy findings did not know the preceding im- 
pedance results. Of the 88 operated ears, 46 (52%) contained 
fluid (Table 1). As will be seen and as demonstrated in another co- 
hor: of 3-vear-olds,* a flat tympanogram almost guaranteed a 
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finding of fluid in the middle ear. But the reverse conciusion was 
not supported with eight ears exhibiting effusion without having a 
flat :ympanogram. In síx of these ears, however, the middle ear 
reflexes were absent (Table 1). By specifving a flat curve or a mid- 
dle ear pressure x — 100 mm H:O combined with absent middle 
ear reflexes, it was possible on the basis of impedance audiometry 
to classify 97% of the material correctly as middle ears which 
contained effusion and those which did not. Thus, the accuracy of 
the impedance test reported by others™ was verified and its validi- 
ty for preschool ages established. In this study, criterion 4 (Table 
D was used as the sole diagnostic indicator and all ears were clas- 
sified on this basis as having or not having MEE. Otoscopy data 
were not included in the analysis since they could not enhance di- 
agnostic accuracy, but could interfere with the objectivity of the 
case-iinding method. 


RESULTS 


Ten children were excluded from the analysis 
when first seen (Table 2): six with grommets in situ, 
one with a defect of the tensa, one with an unde- 
tected cholesteatoma, and two for whom arrange- 
ments had been made prior to the study period to 
have grommets inserted. Although 25 children 
dropped out during the study period, this attrition 
coulc not influence the results (Table 2). Of the 
total population of 456 3-year-olds in the region, 
404 (88.6%) were tested at all four times ard this 
group comprised the present study series. No child 
in the series had adenoidectomy, myringotomy 
tubes, or paracentesis during the study period. 





Prevalence. Seventeen percent to 20% of the sub- 
jects (13 to 16% of ears) had MEE at each screening 
(Table 3). The mild increase in February was not 
significant (Cochran’s Q test, p>0.05). Although 
preva_ence of MEE was relatively stable from test to 
test with positive findings in approximately one of 
every five subjects, the group with MEE was not 


static; ie, to a large extent different children and 
ears were affected from test to test. 


Incidence. Incidence of MEE (number of new 
cases during a specific time period) averaged 29 per 
interval between tests: 29 new cases in September, 
22 in November, and 35 in February (Table 4). 
However, these data are incomplete, as noted in the 
Comments section. Over the 6-month study period 
nc MEE was found in 238 (59.9%) of 404 subjects, 
but at least one episode occurred in 166 (41.1%). Of 
the 182 episodes of MEE recorded in 166 subjects, 
9.6% were recurrences (Fig 2). In 89 (53.6%) sub- 
jects with effusion, MEE was present on only one of 
the four examinations. 


Duration and Course. Of the 78 children with 
MEE at the first (August) examination, 28 (36%) 
had the condition for less than 4 weeks, another 18 
(22%) recovered in 12 weeks, and seven (9%) had 
MEE for 12-24 weeks. After 3 months’ duration, the 
rate of recovery decreased. During the 6-month 
study period 50% (39) of the 78 children with MEE 
at she initial examination recovered spontaneously 
without observed recurrences, 32% (25) had persis- 
ten: MEE for the period, and 18% (14) had fluc- 
tuating MEE over the study period. The 25 with 
persistent MEE constituted 6.2% of the 3-year-old 
population. 


Cf the 29 new cases of MEE in September, eight 
(27 %) of the children still had MEE in November 
and three (10%) still had it in February (Fig 3). 
One third of the new cases diagnosed in November 
continued to have MEE in February. 


COMMENTS 


Diagnosis. Impedance testing predicted MEE in 
52% (46) of 88 ears comprising the subpopulation 
on which myringotomies were performed (Table 1), 
while MEE in the total population of 3-year-olds 
was less than one third as prevalent, ranging from 
13% to 16% (Table 3). However, the predictive 
value of a test depends not only on diagnostic ac- 
curaey, but also on the prevalence of the disease in 
the population tested. For this reason the predictive 
value of a positive test in the 3-year-old population 
(404) was 0.9 using criterion 4 (Table 1) as com- 
pared with 0.7 using, eg, criterion 2. The merit of 
the stapedius reflex in diagnosing MEE seems to be 


TABLE 1. TYMPANOMETRIC DIAGNOSIS OF MIDDLE EAR EFFUSION IN RELATION TO FINDINGS AT 











Tympanometric MEE: Yes 
Criteria _ fyringotomic MEE: Yes No ERR 

] Middle ear pressure «x —100 mm 

HO or flat curve 44 15 
2 Middle ear pressure x —200 mm 

H:O or flat curve 42 5 
3 Flat curve 38 
4 Flat curve, or pressure x — 100 


mm H,O comb. with absent mid- 
dle ear reflexes 44 1 


88 MYRINGOTOMIES IN 3-YEAR-OLD CHILDREN (N= 44) 
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Ne Sensitivity Specificity Accuracy 
Ye |. No (%) (%) NEL MENS 
2 2T 96 64 81 
1 37 91 88 90 
8 42 83 100 91 
2 41 96 98 97 


174 FIELLAU-NIKOLAJSEN 


TABLE 2. SUBJECTS IN STUDY FOLLOWED UP OR 


No. of Subjects* 


ASN Tested. — Not Further Seen. 
+ 82 l 
0 349 10 

43] 11 
* + 50 — 
+ 0 3l l 
Ü + 3l l 
0 0 308 7 

420 9 
+ + + 32 — 
+ + 0 18 E 
+ 0 + 8 l 
+ 0 0 22 ] 
0 4 + 8 — 
Ü * Q 22 | 
LU 0 4 24 — 
0 0 0 277 4 

411 T 


0 - Absence of MEE; + - Presence of MEE: A - August: S - September: 
N - November. 
456 children in complete cohort: 441 children seen. 


that it enables a distinction between reduced mid- 
dle ear pressures without MEE (reflexes present) 
and reduced middle ear pressures with MEE (no re- 
flexes). 


Epidemiology. The stability of MEE in the popu- 
lation over the study period (Table 3) reflects a 
balance between the number of new cases at each 
examination and the number of cases which sub- 
sided or cleared. The new cases of MEE docu- 
mented at each examination, however, do not 
necessarily reflect incidence accurately because 
they do not account for MEE which may have ap- 
peared and subsided between examination dates. 
similarly, possible recoveries would not be ac- 
counted for. Thus, both incidence risk (i) and re- 
covery risk (r) contribute to the number of new and 
recovered cases occurring between observation 
times (test dates). A rough estimate of the duration 
of MEE is provided by the ratio of children who 
continued to have MEE to the number who re- 
covered during the same time period (Table 5). 


It is important to recognize that risk is a condi- 
tional probability referring to an individual, and 
that as a proportion it is dimensionless. Clearly, the 
l-, 2-, and 3-month risks were almost equal (Table 
3). Since we observed only prevalence of MEE at 
unequal intervals, absolute values for duration 


TABLE 3. PREVALENCE OF MEE IN 3-YEAR-OLD 


. Screening Eats . Subjects 
] — A 1978 13:7 19.3 
2 S 1978 13.7 19.6 
3 — N 1978 13.0 17.5 
4 — F 1979 16.0 20.5 


F - February. 


TAB_E 4. MIDDLE EAR EFFUSION IN 404 CHILDREN 
AT SUCCESSIVE TEST DATES 


LL ttn tae nero er remnant nT ae 


No. of No. of 
.A 5 N Subjects | A S N F Subjects 
4 18 + + + 4+ 25 
} 326 + + + Q 7 
Total 404 + + 0 + 3 
+ + Q 0 13 
+ + 50 + QO + +4 3 
+ 0 28 + 0 + 0 4 
QO + 29* pe D. CU c4 2 
0 0 997 + 0 0 0 i9 
Total 404 O + + 4 3 
O + + 0 5 
+ + + 32 0 + O0 e 2 
+ + Ọ0 18 0 + 0 0 19 
+ 0 + T 0 0 + + 8 
* 0 0 2] 0 0 + DO 16 
DO + + 8 0 0 Q0 4 39" 
0 + 0 21 0 0 0 og 238 
0 0 +4 24* Total 404 
0 0 0 273 


otal 404 “New cases. 

were not obtained. Of the 138 single cases of MEE 
recerded in 131 (78 + 29 + 24) children at the first 
three tests (Table 4), 46 episodes both set in and 
subsided within the observation period: 2] episodes 
subsided within 2 months, 20 within 3 months, and 
5 within 5 months. In computing the observed max- 
imam duration these cases were rated as having a 
duration of 2, 3, and 5 months, respectively. Apply- 


NUMBER 96 
40C: 100 
i 
90 
| 80 
300 - 
70 
NO MEE 60 
203 50 


RECOVERY 
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FEB1979 


Fig 2. Six months’ cumulated incidence of, recovery from, 
and recurrence of MEE in 404 children. 
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Fig 3. Cumulated rate of spontaneous recovery from MEE 
in 78 children diagnosed in August, in 29 chiléren first 
diagnosed in September, and in 24 children first ciagnosed 
in November 1978. 


ing this principle of rating to all the cases of MEE, 

tke observed maximum duration of 46 MEEs (with 
known time of onset and recovery) averaged 2.8 
months; in 78 MEEs with unknown time of onset, 
3.4 months; in 14 MEEs with unknown time of 
recovery, 3.4 months; and in all cases of MEE, 
average duration was 3.2 months. The 21.3% of the 
3-vear-olds with observed onset of MEE curing the 
6-month period was a minimal expression of the 
cumulative incidence. Incidence density, which is 
the ratio of the number of newly detected cases to 
the product: number at risk x time at risk, is a more 
aecurate measure of morbidity. Three hundred 
twenty-six children were at risk for 1 month, 297 for 
2 months, and 273 for 3 months, totaling 1,709 
person-months. As 88 new cases developed during 
the 6-month period, the incidence deasity was 
83/1,709 = 0.051/month, O.3l/half year, and 
0.62/year. Counting the fraction of approximately 
0.2 with MEE at the first test, total morbidity for 
the 6- month period would be 0.51 and for the year, 
0.81. This high annual morbidity rate probably 
represents an overestimate as it is based on the as- 
samption that the 6-month observation period is 
representative of the year. 


Mode of Calculation, Ears/Children. 'The results 
could be based on calculation for each ear separate- 


TABLE 5. MEAN DURATION OF MIDDLE EAR EFFUSION 
IN 404 CHILDREN COMPUTED WITH RISK FACTOR 


€ 


“ime 
Period New Cases Recovered Cases Mean Duration 
(mo) ^ (Rik=i) (Risk=r) —  (IHE-r)r — ` 
0-1 20:326 = 0.089 28/78 = 0.359 1.79 
1-3 31/325 = 0.095 39/79 = 0.494 1.02 
3-6 44333 = 0.132 32/71 = 0.451 1.25 


lz. Another possibility was calculation for each 
child with the poorer ear representing the child. 
This method would yield considerably higher mor- 
kidity rates because children with unilateral MEE 
vould be weighted equally with children having 
MEE bilaterally (Table 3). In characterizing the 
course of the disease with repeated tests, it is 
s.mpler to evaluate each ear separately. But from an 
epidemiological point of view, and in the clinical 
stuation too, the important consideration is 
whether something is the matter with the child. 
However, the question is still unsettled regarding 
whether the course of MEE in a child affected by 
continuous disease of the same ear is identical with 
tiat in a child affected with middle ear disease in 
changing ears. These problems were studied retro- 
soectively starting with the data at the end of the 
Cbservation period (February 1979) and comparing 
tae results in each case at the three preceding tests 
(Table 6). The analysis, comprising multicondi- 
toned paired variables, was carried out for 1) all 
r:ght ears separately, 2) all left ears separately, and 
=) for each child a) affected unilaterally and in the 
same ear each time, b) affected unilaterally but 
varvinz in side from test to test, c) varying between 
cnilateral and bilateral disease, and d) affected bi- 
laterally at all tests. After simplifying history into 
scores from 0 to 4 as shown in Table 6, the risk of 
Faving the disease at the end of the observation 
period was described graphically (Fig 4). Applying 
e maximum likelihood method, the formula 
Fx =0.1028 (1.6524) described the observation 
zoodness of fit X? test, p= 0.416 with 22 df). The 
risk of MEE at the end of the observation period 
was heavily conditioned by the history, but evenly 
s3 in all three events (Fig 4). Thus, the frequency in- 
creased from about 10% in ears/children with no 
MEE at any of the previous tests to about 8096 in 
those who had exhibited MEE at all previous tests. 


TABLE 6. MIDDLE EAR EFFUSION IN 404 CHILDREN IN FEBRUARY 1979 
AND MORBIDITY PROFILES AT PRECEDING TESTS 


A gen ISTP TTR PY RIPON i PRE POEM EA IL PR eS gy 


Month Right Ears 
nS IN MN ONE EE COE SN otd R o 

0 E 0 0 36 321 H2 
+ E 0 i 2 13 5 

0 + 0 ] 0 10 0 
+ + 0 2 3 12. 25:0 
0 Ü n 2 3 io Hm. 
+ (i + 3 l 5 20.0 
0 + + 3 5 § 62.5 
+ + + 4 15 IS 83.3 

Total 404 


ee A A LARA RI AARP LA AERA NPA A PRR a URINE OEE ANSON UR 
VT Tem errem a ra a a Ly S e REINA RE atte Pet Ie RL ra a a RAE a REE A AL E m e S T AT RITU BH RIVE EPI CA pl EMRE: AR ARMA HER IESU UA ANTRIEB lh Aa d dg ef yn S Mr a 


Frequency in February 1979 


Left Ears One or Both Ears 
a OO UL o oa T EEUU S iaa E 

25 | 295 8.35 35 273 128 

2 19 10.5 2 ZF 9.5 

3 18 16.7 2 21 95 

6 18. 33.3 5 18 27.8 

6 19. 31.6 8 24 333 

4 8 50.0 3 7 429 

4 9 44.4 3 8 37.5 

14 18 77.8 25 32 78.1 
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MORBIDITY 
AT SIX MONTHS 






P, 0.1028 x (1.6524) 
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Fig 4. Conditioned probability of MEE at end of observa- 
tion period as a function of scored morbidity on preceding 
three tests in 404 children. R - Right ears; L - Left ears: 
IUL - Either right or left ears; RL - Both right and left ears: 
o - Absence of middle ear effusion: + - Presence of middle 
ear effusion. 


Figure 4 also shows that cases normal at the first 
three tests (000) had approximately a 10% risk of 
developing MEE at the 6-month test, which is es- 
sentially the same risk as those who exhibited iso- 
lated MEE at an earlier observation time (+ 00 and 
0+0). In other words, a single, rapidly transient 
episode of MEE did not increase the risk of recur- 
rence, whereas a pattern of recurrent MEE had a 
distinctly poorer prognosis. 


IMPLICATIONS 


To the clinician the high frequency and short 
average duration of MEE mean that an initial epi- 
sode of secretory otitis media in young children, 
either as a chance finding or in a child with middle 
ear symptoms, should not immediately be treated 
surgically, if at all. On the other hand, such a find- 
ing always indicates follow-up which should be 
continued for at least 3 months before therapeutic 
efforts are undertaken (Figs 3 and 4). In a clinical 
situation, follow-up is proposed at similar intervals 
to those in this study. Classification of individual 
cases according to the paradigm in Figure 4 can 
then be used directly in weighing whether to inter- 
vene or to temporize, as this decision can be sup- 
ported in each case by concrete probabilities of 
spontaneous resolution versus continued disease. 


With a mean duration of approximately 3 months, 
the majority of MEEs were transient. This implies 
that any treatment has a marked placebo effect, 
which might be misleading in the absence of con- 
trols. Due to the highlv fluctuating course of MEE, 


however, the criteria for a well-controlled studv are 
extremely difficult to meet. Any assessment of a 
therapeutic effect in MEE requires critical attention 
to control measures in planning and performing the 
research projects as well as in evaluating results. 


Identifying important middle ear disease as early 
in life as possible is desirable from several points of 
view," and the possibilities of mass screening by im- 
pedance audiometry for this purpose have been ar- 
dently discussed with suggestions of prompt institu- 
tion.? Lewis et al'* were probably the first to show 
that an isolated tympanometric result was not a suf- 
ficient basis for classification. They proposed in- 
stead a retesting program which would enable a 
reasonable distinction between children with and 
without major middle ear problems. Today there is 
no disagreement concerning the necessity of re- 
peated testing of the same child. Indeed, screening 
programs involving repeated testing have been in- 
stituted, and recommendations have been made 
concerning criteria for impedance measurement in 
audioraetric screening.'® 


According to the present study, however, the re- 
testing principle does not solve the sorting problem, 
ie, identifying most middle ear disorders affecting 
voung children and distinguishing transient from 
long-term problems. It expands the testing program 
beyond what may be practical and financially rea- 
listic. If we are content with pointing out the ap- 
proximately 6% of the children in the present study 
who exhibited unchanged MEE from test to test, 
the strategic problems of the testing are, of course, 
not so enormous since this would involve the retest- 
ing only of successive failures. Retesting beyond the 
first 3 months does not appear useful (Figs 3 and 4) 
since the rate of spontaneous recovery declines at 
this point in time. Also, any retesting program at 
practical intervals will miss cases of new and recur- 
ring MEE which resolve between tests, ie, in which 
both onset and recovery occur during a period when 
no tests are done. Moreover, impedance testing can- 
not distinguish the severity of middle ear disorders. 
For these reasons it would probably not be a prac- 
tical or productive test for mass screening of pre- 
school children. 


CONCLUSIONS 


Repeated tympanometric screening of a geo- 
graphieally defined population of 3-year-old chil- 
dren revealed the following: 

1. MEE is demonstrable by the impedance test 

with an accuracy of 97%. 

2. Of all 3-year-olds in the series, 20% had MEE 
at any given time of testing, regardless of the 
season, but the children affected varied wide- 
ly from test to test. 

3. Forty-one percent of the children had at least 
cne episode of secretory otitis media during 
the 6-month period, while only 6% had MEE 
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at all tests. 
4. The morbidity data were not significantly dif- 
ferent when calculated “per ear” versus “per 


child.” 


9. The chances of spontaneous recovery after a 
follow-up period exceeding 3 months were 
slight; thus, active intervention can be con- 
sidered after a follow-up period of this length. 
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The effect of semistarvation on the toxicity and ototoxicity of tobramycin sulfate (TO) and gentamicin sulfate (GE) was investigated 
in guinea pigs by electrophysiological and histopathological methods. The presented data has shown that the toxicity and ototoxicity of 
aminogiveoside antibiotics is substantially increased when guinea pigs were semistarved. Our results should also warn researchers using 
semistarvation in their conditioning experiments which investigate the toxicity. of different chemicals. Toxicity was greater in GE- than 
TO-treated animals, which caused the GE-treated animals to die during treatment or shortly after treatment, Thus, TO should be prefer- 
entially used because it has been shown to be less toxic and ototoxic in norma! and altered nutritional conditions. 


The toxicity of animoglycoside antibiotics is 
widelv known, particularlv in their effect on the 
kidnev and the inner ear. Some of the factors which 
predispose to toxicity have been recognized, such as 
prolonged treatment or altered kidney function, but 
in manv cases these factors cannot fully explain the 
development of toxic reactions. Because infections 
which require treatment by aminoglycoside antibi- 
otics (Am An) occur in all age groups and in patients 
suffering from additional diseases, the nephrotoxi- 
citv and ototoxicitv resulting from such therapv 
mav be the result of several interacting factors. In 
our society the elderly are the principal drug uses, 
because aging is often associated with chronic dis- 
ease (congestive heart failure, diabetes mellitus and 
cancer) which can reduce or alter appetite and thus 
cause malnutrition or possible decrease of nutrient 
utilization. Often patients with chronic renal fail- 
ure have a decreased concentration of plasma pro- 
teins, which may result in more free nonprotein 
bound drugs. Nutritional requirements are further 
altered in women using contraceptives. Malnutri- 
tion is very common among alcoholics, narcotics 
users and other drug addicts, food faddists and de- 
pressed patients. Clinical malnutrition may be pre- 
cipitated by an infection or complicated by anemia. 
Protein-calorie malnutrition has been found to be 
quite frequent among hospitalized patients.' * In a 
recent study Willard et al’ reported that 31.5% of 
200 hospital-admitted patients were malnourished. 


In the past the influence of nutritional deficiency 
upon drug metabolism and toxicity has not been in- 
vestigated systematically. There are no data con- 
cerning nutritional effects on aminoglycoside toxici- 
ty and ototoxicity. 


METHODS 


Twenty-four healthy guinea pigs. predominantly males weigh- 
ing between 250 and 350 g. were divided into five groups. All ani- 
mals were given water ad libitum. The amount of available food 
was restricted to one third of normal consumption for groups 1. 4 
and 5. s hile groups 2 and 3 were given food ad libitum. Prior to 
our experiments, food consumption was recorded daily for a large 
group «i guinea pigs for 14 days. The measured amount was re- 
lated te the body weight of each g guinea pig and then averaged for 

all guimea pigs and all days. A value of 0.025 g food. g body weight 
was determined to be the normal dailv consumption. This value 
was then used to calculate one third of the daily requirements for 
each guinea pig using the weight of the animals at the beginning 
of the experiment. All animals were fed with "lab chow” (Purina 
Co). Group 1 was not treated with antibiotics. Groups 2 and 4 
were treated with tobramycin sulfate (TO) 200 mg kg day for 
seven Cavs. Groups 3 and 5 were treated with gentamicin sulfate 
(GE) 200 mg kg. dav for seven days. Both drugs were adminis- 
tered istramuscularlv. Their dosage of salt form was calculated 
and adiusted daily duri ing the treatment period according to their 
body weight. In all animals ototoxicity was evaluated histologi- 
cally. Onlv the animals with TO had a round window electrode 
implanted and a reference electrode placed subcutaneously in the 
dorsal portion of the neck. Both electrodes were connected to a 
socket Lastened to the skull with four screws and dental acrylic ce- 
ment. The cochlear microphonics (CM) and action potentials 
(AP) were recorded before, during and after the treatment. Both 
cochlear potentials were elicited bv 1 and 8 kHz 15 ms tone 
pulses. The intensity of stimuli was calibrated by B & K sound 
level meter and is related to the reference pressure of 0.0002 
dynes om’ at 1000 Hz. The rise time of the stimuli was adjusted 
by eleetronic filter to eliminate acoustical click from receiver. 
Both “P and CM were amplified, averaged and the resulting po- 
tential: displaved on an oscilloscope. The cochlear potentials were 
tested m animals placed on a very small elevated platform. The 
constraetion and use of this device was described earlier." Because 
of the animal's natural fear of falling they sat in one spot rela- 
tively motionless during the testing, thus alteration of potentials 
by movement was minimized. Also because the testing was in a 
free ficid, the requirement that the animals were tested each time 
by the same sound intensity was fulfilled by the elimination of an- 
imal movement. Three weeks after the end of the treatment all 
animas were sacrificed and the inner ears were fixed with Millon- 
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Fig. 1. (Group 1) Loss of OHC and LHC in turns and rows. 
All animals had free access to water, but amoun: of food 
was reduced to one third of average consumption: they 
were not treated. 


inz buffered osmium tetroxide for two hours in the refrigerator. 
Before dehydration and dissection. the cochlea was decalcified in 
about 25 mi of 5% ethylenediamine tetraacetic acid (EDTA) 
pkosphate-buffered solution in room temperature for 48 hours. 
Dessected tissue was mounted in glycerin and the degree of histo- 
pathological changes (missing hair cells) calculated in each turn 
(300 outer hair cells [OHC] and 100 inner hair cells IHC}. All 
electrophysiciogical and histopathological data were Casale 
evaluated and graphs were constructed according to the mean 
ard standare error of mean. 


RESULTS 


Group 1. The guinea pigs in this group were not 
treated with Am An, they had free access to water, 
bat their food was reduced to one third of average 
consumption which corresponded to 0.025 g'g of 
body weight. In this group only histologica | changes 
were evaluated. None of the four animals died dur- 
ing the experiment. Histopathological evaluation 
saowed a small increase of OHC loss in the apical 
turns (III and IV) of all three rows (Fig. 1), when 
compared with the nontreated controls fed ad libi- 
tam. 


E ous a apne in this g group were di Qs 


rot SN si P idee in an lo (Fig. : 2) 
The changes in AP, because of large differences be- 
tween animals, were not significant (Fig. 3). Histo- 
pathologica | changes (missing OHC) were most pro- 
nounced in all three rows of the first turn where 


they reach 38.9% + 12.2 to 42.1% + 13.3 and in 
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PERIOD 


the first row of the second turn 33.8% + 10.5. Also 
the IHC were damaged. particularly in the third 
aad fourth turns 15.7% + 10.5 and 18.4% + 12.2 
i bb (Fig. 4). 


(200 mg "n Tes ) for seven TUR They ds o an 
access to food and water and were thus considered 
as treated controls for GE. In this group only 1 of 4 
animals lived to the end of the experiment, 1 died 
on the 12th and 2 died on the 18th day of the experi- 
ment. For histopathological evaluation, only the 
animals living to the 18th day and 28th day of the 
experiment were used. Histopathologi cal damage 
was largest in ne y ano E turns, Ao ik 
and 50.75-68.65 respectively (Fig g 
mumber of IHC missing was in o II 22 i 2 + 
22.7. However, total damage would probably have 
been larger had all the animals liv d at least three 
weeks after the treatment. 


Group 4. This group received a single 200 mg kg 
cose o: TO daily for seven days. They had free ac- 
cess to water but received only one third of the food 
they normally consumed. In this group only 1 of 7 
guinea pigs died one week after the end of treat- 
ment. Small increases of CM and AP were observed 
curing the first several days of treatment, but after 
seven days all potentials rapidly declined, and this 
cecline continued to the end of the ex ‘periment 
(Figs. 2 and 3). Histopathologic changes observed in 
surface preparations were very extensive. Pro- 
nounced OHC loss was observed in the nas row of 
turns }, H, HI and IV. Damage was 91.64% + 5.5, 
96.54% + 25,100% + O and 90.6% + 6.3 rm 
tively. In the second row damage of turns I. H and 
Hl was < very extensive, OHC were missing in 


89.2% Tl, 86.1% + 9.6 and ee + E 
ag. 7% ES 0. 91. The number of 2. IHC de: 


elined toward the turn I where it was smallest 7.4% 
+ 4.2 (Fig. 6). 


Group 5. This group was treated with GE 200 
ng'kg/dav for seven days. These animals had free 
access to water but were limited in food intake to 
one third of their expected consumption. All ani- 


Fig. 2. Composite diagram of CM thresh- 
old changes elicited by I-KHz tone in 
guinea pigs treated with TO 200 mg 
kg day for 7 days (1 time a dax). 
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mals (4) in this group died during or shortly after DISCUSSION 


the treatment. Histopathological data which are 
available from the animals which died between the 
6-10 davs of the experiment showed greater damage 
(Fig. 7) than group 3 three weeks after treatment. 
However if these animals had lived for the whole 
experiment, damage in the inner ear would have 
been probably close to 100 % 


In all animals, the body weight, hematocrit, 
blood urea nitrogen, and serum level of antibiotics 
were also noted. These results will be published 
elsewhere at a later date. 


Data presented in this study showed the semistar- 
vation substantially increased the toxicitv of both 
TO and GE. This toxicity was more apparent in 
GE-treated guinea pigs, which died during the 
treatment | or Eu a the treatment, than in 
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Fig. 4. Loss of OHC and IHC in rows and turns after treat- 
ment with TO 200 mg ke. day for 7 days (1 time a dax). All 
animals had free access to food and water. (From Prazma 
]. Ferguson SD. Kidwell SA, Harrison HC, Drake A, 
Fischer J. Alteration of aminoglycoside antibiotic ototox- 
icity by hyper and hypohydration. Am ] Otolaryngol 1981: 
9: 999.306, Reprinted with permission.) 


The process of eliminating drugs from the body is 
dependent on factors such as biotransformation of 
the dmags, binding to plasma and tissue proteins, 
and renal clearance. The activities of enzymes in- 
volvec in metabolizing drugs have been shown to be 
dependent on nutritional status. Protein deficiency 
has a substantial effect on this capacity, particular- 
ly with drugs metabolized in the liver. Protein defi- 
ciency can also influence mitochondrial and micro- 
somal phospholipids, leading to an increase of phos- 
phaticvlethanolamine and a decrease of phosphati- 
dylchcline which is essential for electron Han 
and oxidation of different drugs." * Aminogh 
antibietics are not metabolized but are Bu b 
glomerular filtration of the kidney unchanged. 
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Fig. 3. (Group 3) Loss of OHC and IHC in rows and turns 
after treatment with GE 200 mg ky dav for 7 days (1 time 
a das). All animals had free access to food and water. 
(Frora iene ee SD, Kidwell SA. Harrison HG, 
Drake A, Fischer J. Alteration of aminoglycoside antibiotic 
ototecicity by hyper and hypohydration. Am J Otolaryngol 
1981: 2:299-306. Reprinted with permission.) 
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Fig. 6. (Group 4) Loss of OHC and IHC in rows aad turns 
after treatment with TO 200 mg/kg/day for 7 day: (1 time 
a day). All animals had free access to water but amount of 
food was reduced to one third of average consumption. 


No difference in streptomycin pharmacokinetics 
(p asma concentration, plasma half-life, b nding to 
plasma protein, or urinary excretion) was found 
when malnourished and well-nourished individuals 
were compared.’ However, Mehta et al'° ia a study 
or children suffering from protein-calorie malnutri- 
ticn has reported higher peak plasma levels and de- 
laved absorption and excretion of chloramphenicol. 
Protein-calorie-malnourished children alse showed 
significant changes in half-life, protein binding and 
distribution of tetracycline when compazed with 
well-nourished individuals." 


Semistarvation has been found to reduce glomer- 
ular filtration and renal plasma flow rate.'^? This 
observation may explain the increased tcxicity of 
Am An in our experiments. Decreased glomerular 
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Fig. 7. (Group 5) Loss of OHC and IHC in rows and turns 
after treatment with GE 200 mg/kg/dav for 7 days (1 time 
a d All annia had dip: access to Ww ater but amount of 


filtration during semistarvation will increase the 
plasma level of Am An and thus increase their level 
in cochlear fluids and augment their toxic effect on 
hair cells. 


UE p aoe nes oe that toxicity and 
MUR ug e : 
starved. Thus, proper nutrition ET E ays m 
maintained during treatment with Am An. This 
observation should also be brought to the attention 
of toxicologists who use food depriv ation in classical 
conditioning. Food deprivation in their experiments 
may enhance investigated toxicity and thus distort 
the experiment and lead to misleading results. In 
our experiments tobramvcin sulfate is shown to be 
significantly less toxic and ototoxic than gen- 
tamicin. 
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INTERNATIONAL CONFERENCE ON HEAD AND NECK CANCER 


The Society of Head and Neck Surgeons and the American Society for Heac and Neck Surgery are sponsoring an International Con- 
ference on Head and Neck Cancer to be held July 22-27, 1984, in Baltimore. Maryland. The program will provide a comprehensive presen- 
tation of the present status and recent results of basic research and treatment in head and neck cancer. Abstracts are invited for oral presen- 
tations and scientific exhibits. For further information contact the Program of Continuing Education, University of Maryland School of 
Medicine, 10 South Pine Street, Baltimore, Maryland 21201. 
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Brainstem evoked response audiometry is useful in the identification of threshold levels as well as in the diagnosis of eighth nerve 
tumors, The instrumentation is a modification of the electroencephalograpa and an averaging computer: 3.000 clicks, 16:5. are presented 
anc averaged for each printed response. Evoked responses can be obtained rom a patient who is unable or unwilling to respond to conven- 
tional behavioral testing: best results are obtained from quiet or asleep patients. 


INTRODUCTION 


Evoked response audiometry has been an impor- 
tant clinical tool in the diagnosis of particular tvpes 
of hearing loss over the past few years; it is especial- 
lv useful for the patient who is difficult to evaluate 
with behavioral audiometry.' Acoustic stimulation 
of the cochlea produces an evoked electrical response 
in the central nervous svstem which can be recorded 
by the use of scalp electrodes yielding information 
equally as reliable as that obtained from electrodes 
placed in the middle ear.’ It has been evident dur- 
ing lectures that a simple presentation of the basics 
of this subiect will assist in the appreciation of this 
procedure. 


The anatomical structures of the brainstem gen- 
erating these responses are the auditory nerve which 
generates waves I and II, the superior olivary com- 
plex which generates wave III. the nucleus of the 
lateral lemniscus which generates wave IV. the in- 
ferior colliculus which generates wave V. the 
medial geniculate body which generates wave VI, 
and the auditory radiations to the cerebral cortex 
which generate wave VII.** The passage of elec- 
trical stimuli through these tracts produces re- 
sponses with an unvarving time delay whieh may be 
correlated with the curves produced. The integrity 
of the anatomical structures can be identified by the 
time interval of generated electrical response. The 
time required for passage of the electrical impulse 
from one anatomical structure to the next is exact 
and the responses obtained are described as "time- 
locked." These and their relation to the time of 
passage are seen in Figure l. 


METHODS 


Equipment. The equipment used in the collection of these data 
is a modification of the electroencephalograph: in addition an 
averaging computer to analyze the responses of multiple stimula- 
tions of the auditory svstem is emploved (Fig. 2). 


Stimulus. The acoustic stimulus is a click applied 16 times per 
second for three minutes allowing 3,000 clicks to stimulate the 
ear. Maximum click level in this testing unit is 81 dB hearing 
level. 
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tane is “that of a kaana Ww wave plier dened as a perd 
ground noise. When the computer is used to average many trac- 
inzs. those responses which are time-locked to the acoustic stimu- 
lus will be summed bv the computer in linear fashion and bv the 
scuare root of the number of sweeps of any response not time- 
locked. The resultant plot of this information produces a series of 
cerves which demonstrate the time-locked responses as visible 
peaks above the baseline. Increased amplitude of the response 
cerve is seen with increasing numbers of stimuli or increasing in- 
tensity levels (Figs. 3 and 4). 


Classification of Auditory Evoked Potentials. Auditory evoked 
petentials are classified by the time. in milliseconds, in which the 
response occurs. These represent the anatomical structures which 
generate the neural responses. The components of the evoked re- 
sponses in relation to their occurrence as time-locked events’ are 
|: early (0-10 ms: auditory nerve and brainstem). 2) middle 
(E50 ms). and 3) late (50-150 ms). 


Tec nang » is most pr Xon to sec oale Chet en SEE 4 


inate muscle iride Jas the cient trace. Thes PUMA Should 
be, above all. safe. and should, in addition. be short-acting and 
effective. It should neither alter the evoked response nor the back- 
ground activity so that the residual unaveraged electroencephalo- 
geam does not obscure the underlving averaged evoked potential. 
Chloral hydrate is given orally and is usually satisfactory. H for 
seme reason it cannot be utilized. intravenous barbiturates. rectal 
pentothal and. or halothane and nitrous oxide given by an anes- 
thesiologist may be the method of choice. The early components 
give the most useful information because they are altered little by 
the medication. The later responses may be useful since they can 
he recorded in sedated children and do identifv cortical function. 

Three gold-plated cup electrodes are attached to the head. fore- 
head. vertex and ipsilateral mastoid. Stimulation of the ears can 
be accomplished under earphones monaurally or binaurally. or 
bs a speaker in a free field. 

The stimulus (3.000 clicks) is presented and responses are aver- 
aged for one to five different intensity levels. SYNAP I produces à 
printed record for averaged responses to 3.000 clicks. 


DISCUSSION 


Only the early components measure brainstem 
sesponses. Latency of response is measured in milli- 
seconds between onset of stimulus and the seven 
positive peaks of ee If the electrodes are re- 
versed. negative peaks (vallevs) become the signifi- 
eant parts of he curve. All seven brainstem re- 
sponses occur within 10 ms after stimulation. These 
Mid-Maine Medical 
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responses are known as the early components of au- 
ditorv evoked potentials. 


There is a distinct effect seen when the intensity 
of the stimulus is varied. The greater the intensity, 
the shorter the latencv of all peaks (Fig. 5). The in- 
tervals between peaks. however, remain unchanged 
at different intensitv levels suggesting that these de- 
pend on normal propagation of the neural impulse 
and are called interpeak latencies. The prolonged 
latencies of all peaks resulting from lower intensitv 
stimulation suggest that intensity-related latency 
changes occur in the cochlea. This phenomenon is 
also seen with conductive hearing losses which E 
duce the intensitv of the signal to the cochlea.* 
This measurement of interpeak latency should be 
made from peak I to peak V. 


Eighth nerve tumors may cause an intrapeak la- 
tency increase after peak I. This intrapeak latency 
difference demonstrates delay in the occurrence of 
response curves and is evaluated bv measurement of 
delay seen at peak V. The response delay is seen by 
comparing the difference of latency between the 
two ears (Fig. 6). Cochlear delav is unimportant in 
evaluating an eighth nerve tumor. However. when 
the stimulus is maintained at a constant sensation 
level and the responses of one ear are compared to 
the responses of the other, a difference in interpeak 
latency indicates impairment of nerve conduction 
and is suggestive of a tumor impinging on the eighth 
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nerve. The interval latency difference between ears 
is normally less than 0.2 ms but was 0.4 ms or 
greater for 35 acoustic tumor cases and for 7 of 10 
other temporal bone tumors.’ 


Acoustic tumor size can be estimated by mea- 
suring interpeak latency delay. A large tumor with 
greater compression of the nerve produces more in- 
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Fig. 2. Arrangement of components of SYNAP I signal- 
averaging evoked response system (Infant Hearing Assess- 
ment Foundation). 
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terierence with nerve conduction: therefore, the 
nerve conduction time is increased. It has been 
found that variation of latency between ears in any 
individual is within 0 to 0.4 ms and tha: an in- 
terpeak latency variation of more than 0.2 ms sug- 
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gests the presence of a tumor. It has been deter- 
m.ned that peak V is best used for measuring this 
variation in interaural testing as it is the strongest 
and most reliably recorded.? 


Multiple sclerosis affects neural transmission of 
electrical impulses. The tracing of averaged re- 
sponses in these patients is characterized by erratic 
waveform and lack of reproducibility of consecutive 
brainstem evoked waveforms (Fig. 7).? 


Hearing aid evaluation is another important use 
of brainstem evoked response audiometrv. The 
choice of an appropriate amplification system is ex- 
tremely difficult in infants and small children. 
Brainstem evoked response audiometry can provide 
tracings of the delayed peak V without amplifica- 
ticn. When an aid is coupled to the ear and stimu- 
lated in the sound field, the resultant tracing.shows 
peak V closer to normal latency. The threshold of 
peak V with aid is an important measurement as- 
siszing in selection of an appropriate hearing aid. 
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Fig. 6. Tracings of evoked responses showing latency dif- 
ference of peak V between ears in patient with acoustic 
neuroma. 
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Fig. 7. Tracings of evoked responses showing characteristic 
erratic waveform and lack of reproducibility of consecu- 
tive waveforms in patient with. | longstanding multiple 
sclerosis. Solid line - First test; Dashed line - Repeat test. 


Evoked Response Threshold. Determination of 
auditory threshold by means of the evoked response 
technique is simple and straightforward. These de- 
terminations may be made during sleep, but must 
be made with a quiet subject to eliminate excessive 
pu "noise" of us ee 


n ie of tle ele: traces. 


In adults these evoked potentials can be identi- 
fied at 10-20 dB above behavioral threshold. Al- 
though the threshold is elevated when compared to 
behavioral audiometry, excellent objective re- 
sponses may be obtained either during natural sleep 
or under sedation. It is a great advantage to be able 
to test children and infants during sleep since 
elimination of muscle artifact greatly enhances the 
reliabilitv of the final trace. There is essentially no 
difference between the evoked responses of the 
sleeping and awake subject. In infants the differ- 
ence between brainstem evoked response threshold 
and behavioral threshold is even greater than in 
adults. The latency of response decreases from 
prematurity to infancy and continues to decrease 
during childhood (Fig. 8).'° 
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Fig. 3. Tracings of evoked responses showing decreasing 
latency of peaks with increasing age. 


CONCLUSION 
Brainstem evoked response audiometry is of par- 
ticular use in subjects who are unable to make ap- 
Dou behav a o d b dud S 
plica ble to new Pe ilan: NET children, 
mentally retarded, the uncooperative, those suspect 
for cerebellopontine angle tumors, especially eighth 
nerve tumors, and multiple sclerosis. From this 
group come the patients most difficult to accurately 
assess. audiometrically, so information obtained 
from these studies is of inestimable value in the 

management of their problems. 


Im most instances, except in the case of eighth 
nerve tumors and multiple sclerosis, the threshold 
determined bv this method is the crucial item. In 
the evaluation of eighth nerve tumors, increased 
lateney of response for peak HI to peak V. when 
comparison is made between the two ears of the 
same individual, is the criterion bv which the test 
resuit is evaluated. If the latency in one ear is 
significantlv increased when compared to the con- 
tralatecal ear, it has an extremely high correlation 
with the presence of an eighth nerve tumor. Multi- 
ple sclerosis and other demvelinating processes af- 
fect the neural transmission. The responses ob- 
tained in these patients are not reproducible and are 
therefcre unstable. 
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A prospective clinical, virological and immunoogical study was performed on 25 consecutive Bell's palsy (BP) patients. Multiple 
cranial nerve involvement was found in 15 patients. A significant decrease in the peripheral blood T lymphocyte percentage as well as an 
increase in B lymphocyte percentage (p< 0.001) were found in 13 of the EP patients during the first 24 days from the clinical onset of the 
paralysis. No-correlation was found between the peripheral blood lymphocyte subpopulations and the patient's age, sex, degree of paral ysis 
or recovery rate. No changes were detected in the levels of immunoglobulans ( IgG, IgM), complement (C;, C4) and antiviral antibodies to 
herpes simplex and zoster, EBV, cytomegalic virus, adenovirus, influenza.and mumps. The clinical and immunological data of BP show a 
similar pattern to those cf Guillain-Barre syndrome suggesting that BP may be an antoimmune demyelinating cranial polvneuritis which 


may be caused by a preceding viral infection. 


INTRODUCTION 


Bell's palsy (BP) is considered an acute idiopathic 
demyelinating peripheral neuropathy of the facial 
nerve. Histopathological and experimental studies 
lend support to this concept.'? Clinical data ac- 
cumulated in recent years indicate that BP is in fact 
a polyneuropathy since the facial paralysis is fre- 
quently associated with ipsilateral involvement of 
other cranial nerves.*° 


The last decade was enriched with studies con- 
cerning the role of viruses and immune responses in 
the etiopathogenesis of demyelinating ciseases of 
both the central and peripheral nervous svstems."'!? 
Involvement of viruses and immune mechanisms 
were also proposed in BP suggesting that it may be 
an autoimmmune postviral disease or due to reacti- 
vation of a latent herpes simplex virus.*^' How- 
ever, the etiology and pathogenesis of BP are still an 
enigma. 


In this prospective clinical, virologicad and im- 
munologieal study of BP an immune resoonse was 
found to participate, suggesting that both a viral in- 
fection and an autoimmune response may be in- 
volved in the etiology and pathogenesis of Bell's 
palsy. 


MATERIAL AND METHODS 


Thirty consecutive patients with peripheral 'acial nerve 
paralysis were studied prospectively. The evaluation according to 
a protocol included: 

1. Clinica: history anc specific anamnestic details segarding the 
paralysis, and a complete physical, ENT and neuroingical exam- 
ination, 

2. Weekly excitability tests using the Hilger facial nerve stimu- 
lator (WR Medical Electronics Co, St. Paul were performed, 


simulating the facial nerve trunk until full recovery was reached, 
or up to six months following the onset of the palsy. 

3. Lacrimation and taste tests, audiogram (pure tone, speech 
and MCL [most comfortable level] tests), minimal cold caloric 
test, mastoid and internal auditory canal x-ray films and electro- 
ravography. 

4. Blood analysis: peripheral blood count and di:ferential 
count, glucose, urea, uric acid, VDRL test, proteins and gamma- 
gobulins, cholesterol and heterophile antibody test. 

5. Antiviral antibody titers determined by the complement fix- 
ation and indirect fluorescence tests against herpes símplex and 
zoster, Epstein-Barr virus, cvtomegalic virus, mumps, adenovirus 
and influenza viruses. Two blood samples were taken from every 
patient at the clinical onset of the paralysis and 3-4 weeks later. 

6. Immunological studies: quanitative serum IgG and IgM, 
complement (C, and C,). Enumeration of B and T lymphocytes 
íi the peripheral blood by determination of surface membrane 
IgM and E-rosette formation respectively.’ '* The immunological 
&udies were performed three times at 3-4 week intervals. 

None of the patients received either medical or surgical ther- 
epy. All patients were examined and evaluated by one person 
(AA). 

Statistical evaluation of the significance of the immunological 
changes was done by the Student t test. 


RESULTS 


Clinical. Among the 30 BP patients examined 
curing the study period only 25 were available for 
follow-up studies. 


The youngest patient was 3 years old and the 
eldest 78 vears, with a mean age of 35 vears. There 
was no significant difference between the sexes or 
effected side of paralysis. 


Complete facial paralysis was found in 64% of 
the patients, while only 36% had incomplete paral- 
vsis. Table 1 summarizes the clinical manifestations 
and outcome of these two groups. Among the pa- 
tients with incomplete paralysis the mandibular 
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teu E 1. n INICAL MANIF ERIS he 


mme mni rn er rr A Ra a ta ar e e V er er T rrr i RIN A x Ar A TAA A N-25) aa 


m Incomplete 
Paralysis Paralysis 
Clinical Manifestations (N = 16) (N = 9) 
PE and Outcome No. %e No. Cb 
Decreased or increased lacrima- 10 62.5 4 44.4 
tion on the involved side 
Taste impairment of ant. 2/3 Z 12.5 5 55.5 
of tongue 
Involvement of other cranial 10 625 5 55.5 
nerves 
Complete recovery 11 68.7 8 88.8 
Incomplete recovery 5 2313 l 11.2 


branch was most frequently involved. Of 5 patients 
with controlled diabetes mellitus 4 had complete 
palsy and 1 patient had an incomplete palsy. 


Sensory cranial nerve involvement was found in 
]5 patients (60%). The most common nerve in- 
volved was the trigeminal or one of its branches (13 
patients), followed by the eighth nerve (4 patients 
with cochlear and 1 with vestibular involvement) 
and the sensory branch of the vagus nerve (1 pa- 
tient). The cochlear damage was expressed by sub- 
jective dvsacusis. The audiometric examination re- 
vealed lateralization of the Weber test to the af- 
fected ear and unchanged threshold for pure tone 
sounds. Complete recovery of the sensory cranial 
nerves, which preceded the improvement of the fa- 
cial nerve activity, was the rule. 


The overall rate of complete recovery during a 
6-month period of follow-up was 76%. Among the 
6 patients who did not recover, 2 (8%) developed 
complete denervation of the facial nerve and the 
other 4 patients (16%) had incomplete recovery of 
different degrees. The complete clinical recoverv of 
the facial nerve occurred mostly between 3-7 weeks 
after the clinical onset of the paralysis. 


Virological. No significant serum antiviral anti- 
body titer elevation of all seven viruses studied was 
found in the 25 BP patients examined. 


Immunological. The serum immunoglobulins Ca 
and C, obtained in the first visit were normal. The 
peripheral blood T and B lymphocytes were exam- 
ined at 0-24, 25-60 and 61-100 days after the onset 
of the paralysis. Thirteen out of the 25 BP patients 
demonstrated changes in the T and B cell percent- 
ages, while the total amounts of peripheral blood 
lymphocytes were normal. The readings of the other 
12 patients were normal (Table 2). 


There was a significant increase (p« 0.001) in the 
percentage of B cells in the initial period of the dis- 
ease (0-24 days) as compared to the normal group 
(Fig D. This increase returned slowly to normal 
levels, being still high (p« 0.05) during the second 
period (25-60 davs), and only in the late period 
(61-109 davs) complete return to normal levels oc- 
curred. Among the 13 patients who had B cell changes 
a significant difference (p« 0.02) between the first 
and the third periods was found. 


The percentage of the T lymphocytes in the peri- 
pheral blood followed the same pattern as the B 
lymphocytes but in an opposite direction (Fig 2). 
There was a significant decrease in the first period 
(0-24 days) as compared to the normal group 
(p« 0. 901). During the second period (25-60 days) 
there was still a significant difference (p« 0.05), 
while only in the third period (61-100 days) the T 
lymphocytes returned to normal values. There was 
a significant difference between the first and the 
third periods (p« 0.01). 


No correlation was found between the B and T 
lymphocyte alterations and the degree of paralysis, 
the recovery rate and the patient's age or sex. 


DISCUSSION 


In the present study the peripheral blood T and B 
lymphocyte subpopulations as well as the levels of 
IgG and IgM and C; and C, in the serum of BP pa- 
tients were determined. A significant increase in the 
percentage of B lymphocytes and a significant de- 
crease in the percentage of T lymphocytes in 13 of 
the patients (52%) were found, without changes in 
the total number of peripheral blood lymphocytes. 
These changes returned gradually to normal levels 
60-100 days after the clinical onset of the disease. 
The lack of correlation between these results and 
the degree of paralysis and recovery rate indicates 
that the extent of nerve damage is not influenced by 
these iramunological changes. 


A decrease in peripheral blood T lymphocytes 
was found in several viral diseases, excluding infec- 
tious mononucleosis.''* Experimentally it was 
found that human infection with influenza virus 
causes a significant reduction in the absolute num- 
ber and percentage of T lymphocytes detected as 
early as 24 hours after inoculation.'? A similar find- 
ing was found in a case of herpes zoster infection.?? 
Herpes genitalis also caused a significant decrease in 


TABLE 2. MEAN VALUES OF IgM-BEARING CELLS (B CELLS) AND E-ROSETTE-FORMING CELLS (T CELLS) 
IN THE NORMAL GROUP AND THE GROUP WHICH DEMONS TRATED B AND T CELL CHANGES" 


Rt a tat et AR EC RR AG ÁO MINER 





0-24 Days 


(———————————' E e a a n m e ee ee a A a aa aa e a aee € ena DAB a rat rt 


T cells Abnormal (13) 62.] x 10.1% 
Normal (12) 82.6 x 3.9% 
B cells Abnormal (13) 19.0 + 2.4% 
Normal (12) 11.02 1.3% 


* Normal range: B cells - 12% + 2; T cells - 85% + 5. 


Examination Postparalysts 


25-60 Days 6100 Days 
10.0 + 8.4% 82.5 + 3.7% 
83.3 4 3.7% 81.6 x 3.8% 
V7.7 + 4.2% 13.7 + 4.0% 
11.4 + 6.3% 11.5 € 3.4% 
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Fig 1. Changes in IgM-bearing cells (B lymphocytes) be- 
tween the normal and abnormal groups during follow-up. 


the percentage of "active" T lymphocytes, whereas 
the percentage of B lymphocytes remained normal. 





Most suggestive is the fact that similar ehanges in 
peripheral blood lymphocyte subpopulatiens, name- 
ly a decrease in T lymphocytes and sometimes an in- 
crease in B lymphocytes, were described elso during 
the course of several demyelinating diseases, such as 
in acute exacerbations of multiple sclerosis (MS) 
end during the acute stage of Guillain-3arre syn- 
crome (GBS).775 The T lymphocyte depression in 
GBS was transient with a slow return to normal val- 
ues during the first 4-6 weeks of the disease." 
Similar immunological changes were not found in 
patients with other neurological diseases. thus rais- 
ing the possibility that these changes may be of im- 
portance in the pathogeneses of GBS and MS and 
are not secondary to lesions of the nerve tissue." 


Bell’s palsy, like GBS, is an acute demyelinating 
disease of the peripheral nervous system. In a histo- 
pathological study of a case of BP of 17 days’ dura- 
tion scattered degeneration of myelin saeaths and 
axons with a moderate increase of phagocytic cells 
were found in 10-30% of the facial nerve fibers. 
The perivascular area showed inflammatory reac- 
tion with petechiae.?* Acute inflammatcry reaction 
with lymphocytic infiltration and phagocytosis of 


80 - 
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— 
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MEAN E—ROSETTE FORMING CELLS % 
a 
Ó 


e—-— 9 ABNORMAL 


e— — — NORMAL 


[ a 


normal range 80 - 90 


0—24 25~60 61*100 DAYS 


Fig 2. Changes in E-rosette forming cells (T lymphocytes) 
between the normal and abnormal groups during follow-up. 


myelin by macrophages was found also by Proctor 
et al in a BP patient who died 13 days after the clin- 
ical onset of the disease. According to these findings 
it was suggested that the inflammatory lesions ob- 
served in the facial nerve may be caused by a viral 
infection.! Experimentally it was demonstrated that 
inoculation of herpes simplex virus in rabbits 
through the stylomastoid foramen produced facial 
paralysis with the histopathological pattern of in- 
flammation and demyelination.^ This virus was 
found to infect the neurons in the geniculate ganglia 
of newborn hamsters. Viruses may cause other 
human and experimental demyelinating disease as 
well.^5!9 The histopathological pattern of nerve 
damage indicates a surprising similarity between 
the findings observed in BP and those in GBS.” In 
both diseases an inflammatory demvelination neu- 
ritis was found, marked by lymphocytic infiltrate. 
The clinical, immunological and histopathological 
similarities between BP and GBS may indicate that 
both diseases may share a similar etiology and 
pathogenesis. 


Abramski et al found that peripheral blood lym- 
phocytes from BP patients showed significant trans- 
formation with the presence of human basic protein 
of peripheral nerve myelin.'? The experimental 
study of McGovern et al on hyperimmune dogs sup- 
plied additional support to the immunological con- 
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cept of BP. These dogs developed greater facial pa- 
ralvsis and suffered more intense nerve damage 
than nonsensitized dogs after injection of vasocon- 
strictors within the facial nerve canal.''7* 


Our clinical observations are in agreement with 
those of other studies. The involvement of other sen- 
sory cranial nerves, which was found in 60% of our 
patients, supports the concept that BP is not an iso- 
lated disease of the facial nerve, but is rather a 
cranial polyneuropathy.** This phenomenon indi- 
cates an involvement of a systemic cause, such as a 
virus, which for some unknown reason attacks the 
cranial nerves. 


The viral theory is supported by clinical observa- 
tions??? and serological investigations. In the 
present study the antibody titers of seven different 
viruses were investigated but no significant changes 
were found. Similar results were reported also by 
others who failed to demonstrate a viral infection, 
neither by isolation of a virus nor by changes in an- 
tibody titers.” Vahlne et al found a higher pre- 
valence of high antibody titers to herpes simplex in 
the BP patients as compared to the control group, 
both with complement fixation test and radioim- 
munoassay.** The controversial findings led some 
investigators to suggest that BP is caused by reac- 
tivation of a latent herpes simplex virus, 52249 
However, in an experimental study it was demon- 
strated that serum-neutralizing antibodies are not 


needed to maintain the latent state of herpes virus 
infection, but whenever reactivation occurs it is 
followed with an increase in antibody titers.” 
Nevertheless, the role of a viral infection in the 
pathogenesis of BP cannot be denied. 


Recently we studied the interferon (IFN) svstem 
in BP and found that 72% of 32 patients demon- 
strated a high serum IFN level or an antiviral state 
of their peripheral blood mononuclear cells.*? 
Studies on the IFN system in viral diseases demon- 
strated similar results.*' 


In conclusion, the clinical, histopathological and 
immunological resemblance between BP and GBS 
indicate that BP belongs to the group of acute de- 
myelinating diseases of the peripheral nervous 
system. The cranial polyneuropathy and the sero- 
logical and viral studies, although not conclusive, 
suggest that an acute viral infection or reactivation 
of a latent virus may be the etiologic cause of BP. A 
viral infection may induce T and B cell changes on 
the one hand, and on the other hand may set up an 
autoimmune reaction against components of the 
peripheral nerve myelin leading to demyelination of 
cranial nerves, especially the facial nerve, in a way 
not yet clear. Whether the changes in the T and B 
lymphocyte subpopulations are significant or not in 
the pathogenesis of BP waits for further clarifica- 
tion. This study brings evidence that systemic 
changes occur in BP and that these changes affect 
the immune system. 


REFERENCES 


l. Proctor B, Corgill DA, Proud C. The pathology of Bell's 
palsy. Trans Am Acad Ophthalmol Otolaryngol 1976; 82:70-80. 


2. Kumagami H. Experimental facial nerve paralvsis. Arch 
Otolarvngol 1972: 95:305-12. 


3. Davis LE. Experimental viral infections of the facial nerve 
and geniculate ganglion. Ann Neurol 1981; 9:120-5. 


4. Djupesland G, Degre M, Stien R, Skrede S. Acute peri- 
pheral facial palsy. Part of a cranial polyneuropathy? Arch Oto- 
larvngol 1977; 103:641-4. 


5. Mav M, Hardin WB. Facial palsy: interpretation of neu- 
rologic findings. Trans Am Acad Ophthalmol Otolaryngol 1977: 
84(ORL):710-22. 


6. Adour KK, By! FM, Hilsinger RL, et al. The true nature of 
Bell's palsy: analysis of 1000 consecutive patients. Laryngoscope 
1978; 88:787-800. 

7. Weiner LP, Johnson RT, Herndon RM. Viral infections 
and demvelinating diseases. N Engl ] Med 1973; 288:1103-9. 


8. Cook SD, Dowling PC. Multiple sclerosis and viruses: an 
overview. Neurology 1980; 30:80-91. 


9. Cook SD, Dowling PC. The role of autoantibody and im- 
mune complexes in the pathogenesis of Guillain-Barre syndrome. 
Ann Neurol 1981; 9 Suppl:70-9. 


10. Lampert PW. Autoimmune and virus-induced demvelin- 
ating diseases. Am J Pathol 1978; 91: 176-208. 


11. McGovern FH, Estevez J. The concept of Bell's palsy as an 
immunologically mediated disease. In: Shambaugh GE, Shea JJ. 
eds. Proceedings of the Shambaugh Fifth International Workshop 
on Middle Ear Microsurgery and Fluctuant Hearing Loss. Hunts- 
ville, Ala: The Strode Publishers, 1976:229-32. 


12. Abramski O, Webb C, Teitelbaum D, Arnon R. Cellular 
immune response to Sere nerve basic protein in idiopathic 
facial paralysis (Bell's palsy). | Neurol Sci 1975; 26:13-20. 


13. Beatwich Z. Kunkel HG. Specific properties of human B 
and T lvmphocytes and alterations in disease. Transplant Rev 
1973; 16:39-50. 


14. Hofman F, Cohen A, Zipori D, et al. Binding of F(ab’), of 
normal human IgG to human lymphocytes. J Immunol 1977; 
119:9209-11. 


15. Wvbran J. Fudenberg HH. Thymus-derived rosette-form- 
ing cells in. various human disease states: cancer, lymphoma, 
bacterial and viral infections, and other diseases. ] Clin Invest 
1973; 52: 1026-32. 


16. Rowlands DT. Daniele RP. Lymphocyte subpopulations 
in human disease. Human Pathol 1977; 8:117-20. 


I7. Mangi RJ. Dwyer JM, Nuderman JD, Kantor FS. De- 
creased cízculating T cells during viral pharyngitis. Ann Intern 
Med 1974: 81:557-8. 


18. Ursinger PD. Lymphocyte changes in viral infections. Ann 
Intern Med 1975; 83:82. 


19. Scheinberg MA, Blacklow NR, Goldstein AL, et al. Influ- 
enza: response of T-cell lymphopenia to thymosin, N Engl J Med 
1976; 294:1208-11. 


20. Russo L, Russo AM, Viola M, Russo PV. T-cell lympho- 
penia in viral infection. N Engl J Med 1976; 295:623. 


21. Ishizuro T, Ozaski Y, Yokoyama MM. Tseng CH, Chao 


W. Peripheral lymphocytes subpopulations in patients with her- 
pes genitals. Immunobiology 1980; 157:24-9. 


T AND E LYMPHOCYTES IN BELL'S PALSY 


22. Lisak RP, Levinson AI. Zweiman B, Abdou N.. T and B 
lymphocytes in multiple sclerosis. Clin Exp Immunot 1975; 22: 
30-4, 


23. Sagar HJ, Alonby ID. Lymphocyte subpopulatiens in mul- 
tiple sclerosis. J Neurol Sci 1979; 43:133-48. 


24. Nyland H. Naess A. T-lymphocytes in peripheral blood 
from patients with neurological diseases. Acta Neurol Scand 
1978; 58:972.8. 

25. Nyland H, Naess A. Lymphocyte subpopulatioas in blood 


anc CSF from patients with acute Guillain-Barre syncrome. Eur 
Neurol 1978; 17:247-52. 


26. Reddy [B, Liu J. Balski S, Fisher J]. Histopathology of Bell's 
palsy. Eve Ear Nose Throat Month 1966; 45:62-5. 

Z7. Asbury AK, Arnason BGW, Adams RD. The inflamma- 
tor» lesion in idiopathic poiyneuritis. Medicine 1969; 45:173-215. 

28. McGovern FH, Edgemon LJ, Konigsmark BW. Experi- 
mental ischemic facial paralysis. Arch Otolaryngol 1972: 95: 
331-4. 


29. Leibowitz U. Epidemic incidence of Bell's palsy. Brain 
19€9: 92:109. 14. 


30. Korezvm AD, Swirski R, Henig E. Bell's palsy aad viral in- 
feciions. Eur Neurol 1973; 10:191-6. 


31. Tomita H, Havakawa W, Honda R. Varicella-zoster virus 
in idiopathic facial palsy. Arch Otolaryngol 1972; 95:364-8. 


t 


191 


32. Adour KK, Bell DN, Hilsinger RL. Herpes simplex virus in 
idiopathic facial paralysis (Bell's palsy). JAMA 1975; 233:527-30. 
33. Djupesland G, Berdal P, Johannessen TA, et al. Viral in- 


fection as a cause of acute peripheral facial palsv. Arch Otola- 
rvegol 1975; 102:403-6. 


34. Dalton CA. Bell's palsy: some problems of prognosis and 
treatment. Br Med ] 1960; 1:1765-70. 

35. Dodge PR, Poskanzer DC. Varicella zoster and herpes sim- 
plex antibody responses in patients with Bell's palsy. Neurology 
1932; 12:34-5. 


36. McCormick D. Herpes simplex virus as a cause of Bell's 
pasv. Lancet 1972; 1:937-9. 


s7. Brackman DE. Bell's palsy: incidence, etiology and results 


68 
38. Vahlne A, Edström S, Arstila P, et al. Bell’s palsy and 


39. Sekizawa T. Openshaw H, Wohlenberg C, Notkins AL. 
Latency cf herpes simplex virus in absence of neutralizing anti- 
body: model for reactivation. Science 1980; 210:1026-8. 

i0. Aviel A, Hahn T, Ostfeld E. Bregman V, Marshak C. In- 
tereron antiviral system in Bells palsy. Acta Otolaryngol 
(Stockh) 1981; 91:69-73. 

4l. Levin S, Hahn T. Evaluation of the human interferon sys- 
tera in viral disease. J Clin Exp Immunol 1981; 46:475-83. 


THE 16TH ANNUAL MEETING OF THE AMERICAN SOCIETY OF HEAD AND NECK RADIOLOGY 


The 16th Annual Meeting of the American Society of Head and Neck Radiolegy will be held May 26-29, 1983, at the Boston Marriott 
Hetel. Inquiries should be directed to Barbara Carter, MD, North East Mecical Center, 171 Harrison Avenue, Boston, MA 02111. 


Ann Otal Rhinol Laryngol 92:1983 


CARCINOMA OF THE PANCREAS PRESENTING WITH 
BILATERAL TONSILLAR METASTASES 


ESTHER MAOR, MD 


FERIT TOvi, MD 


MARTIN SACKS, FRCPATH, MBCHB 


BEER-SHEBA, ISRAEL 


A 59-year-old woman presented with bilateral tonsillar masses due to metastases from a primary pancreatic carcinoma. Tonsillar me- 
tastases from many different primary tumors are well documented in the litera‘ ure, but this seems to be the first case in which the pancreas 
was the primary site. It is also one of the very few recorded cases in which the patient's presenting symptoms were due to tonsillar metas- 


tases. 


Metastatic tumors are rare in the tonsils and are 
not mentioned in standard textbooks of pathology. 
Brownson et al' were able to find reports of 76 cases 
of metastatic carcinoma of the tonsils in the liter- 
ature up to 1979 but only 51 of them were suffi- 
ciently detailed to allow analvsis. In the majority of 
cases the tonsillar metastases became manifest after 
the diagnosis of the primary tumor. In this paper, 
we describe a patient with pancreatic carcinoma in 
whom the presenting clinical symptoms were due to 
bilateral tonsillar metastases. As far as we are 
aware, this is the first report of metastases to the 
tonsils from a primary pancreatic tumor. 


CASE REPORT 


A 59-year-old woman was referred to the ENT department 
with a sore throat of one month's duration which had not re- 
sponded to treatment with penicillin. Examination revealed a 
blood pressure of 100/60 mm Hg, pulse rate of 86/min and a tem- 
perature of 37.8°C. There were no abnormal findings upon ex- 
amination of the chest, abdomen or nervous system. Both pharyn- 
geal tonsils were enlarged, ulcerated and covered by a fibrinous 
exudate. A mobile lymph node, 3 cm in diameter, was present in 
the left posterior triangle of the neck and similar, but smaller, 
nodes were present along both jugular veins. 


Clinical blood examinations yielded the following results: 
hemoglobin, 9.1 g/100 ml; erythrocytes, 3.2 million/'cu mm; 
leukocytes, 21,500/cu mm; the differential count was normal. Re- 
sults of blood chemistry and urine studies were normal. No patho- 
genic organisms were cultured from tonsillar swabs. X-ray films 
of the chest revealed a polycyclic mass at the apex of the left lung 
and a left pleural effusion. 


Biopsies of the tonsils and the posterior triangle lymph node 
showed infiltration by a poorly differentiated malignant tumor 
containing numerous bizarre tumor giant cells (Fig. 1). 


During the second week after admission the patient began to 
complain of pain in the left upper quadrant of the abdomen, ac- 
companied by constipation. An irregular nontender mass could be 
felt on deep palpation in the left midabdomen. Intravenous 
pvelography and barium enema test results were normal. Malig- 
nant cells were seen on cytological examination of ascitic and left 
pleural fluids. 

The patient's course was rapidlv downhill. The abdominal 
mass increased rapidly in size and the patient became jaundiced. 


Laboratory tests vielded the following values: serum bilirubin, 
total, 5.8 mg/100 ml; direct, 3.5 mg/100 ml; and indirect, 2.3 
mg/18€ ml; SGOT, 230 IU/1; SGPT, 180 IU/l; serum protein, 
5.9 @ 100 ml; serum alkaline phosphatase, 10 Bessay-Lowry 
units/180 ml. Fine needle biopsy of the left apical lung tumor 
revealed undifferentiated large cell carcinoma. Percutaneous 
transhepatic cholangiography showed obstruction of the lower 
end o£ the common bile duct, compatible with carcinoma of the 
head of the pancreas. 


The patient developed dyspnea and marked edema of the lower 
limbs. She became comatose and died three weeks after admis- 
sion. 


Postrrortem Findings. External examination revealed severe 
generalized edema, jaundice of the skin and sclera, and marked 
abdominal distension. The peritoneal cavity contained 2,800 ml 
of clear vellow fluid. Similar but smaller effusions were present in 
both pleural cavities. 


Both tonsils were replaced by firm grev- white tumor tissue and 
a small nodule of similar tissue was present in the left pyriform 
fossa. & rounded, well-demarcated, firm, whitish tumor mass, 
9x10 em, was present in the upper lobe of the left lung. The large 
bronch: were normal. The hilar lymph nodes were anthracotic 
but free of tumor. 


A large tumor mass, 20 cm in diameter, involved the head and 
body of the pancreas and peripancreatic lymph nodes. It invaded 
the ducdenal wall 6 cm distal to the ampulla of Vater, and also 
infiltrated the lower third of the common bile duct. The splenic 
vein was invaded and its lumen occupied by tumor thrombus. 
The portal vein was not involved and there were no metatases in 
the liver. 


Both adrenal glands were enlarged and almost completely re- 
placed by grey-white tumor tissue. 


Histological Examination. The tumor masses in the left lung, 
pancreas, tonsils, abdominal lymph nodes, left pyriform fossa and 
adrenal glands showed a similar histological picture. The pre- 
dominant cells were large, rounded, or polyhedral cells with 
abundant cytoplasm and large vesicular nuclei. They were ar- 
ranged in loose sheets with no evidence of gland formation (Fig. 
2). Numerous pleomorphic giant cells with bizarre single or mul- 
tiple nuclei were present. Mitotic figures were abundant. In many 
fields there were scattered spindle-shaped cells and occasionally 
these were so numerous as to result in a sarcomatous appearance 
(Fig. 3}. There were multiple areas of necrosis in the tonsillar and 
pancreatic masses. The tumor in the lung was well circumscribed 
and partly separated from the surrounding atelectatic lung paren- 
chvma by a fibrous capsule (Fig. 4). Stains for mucin were nega- 
tive. The thoracic lymph nodes were not involved. 
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Fig. 1. Biopsy of tonsil showing poorly differentiated tu- 
mor with multinucleated tumor giant cells. (H & E, x400) 


DISCUSSION 


The histological features of the tonsillar, pulmon- 
ary and pancreatic tumors in our patient were simi- 
lar and it is unlikely that they represent more than 
one independent primary tumor. Of the -hree, the 
tonsil seems the least likely site of the primary tu- 
mor. Bilateral primary carcinoma of the tonsil is ex- 
tremely rare and the histological picture was unlike 
that of the usual primary tonsillar cancer. 


The decision as to whether the primary tumor 
was in the pancreas or lung is more difficult. The 
histological features are consistent with a giant cell 
carcinoma of the lung? or with the pleomorphic 
large cell type of pancreatic carcinoma.’ The fact 
that the lung tumor presented as a well-circum- 
scribed rounded mass without involvement of the 
bronchial tree or hilar lymph nodes is mo-e sugges- 
tive of a metastasis than of a primary lung cancer. 
On the other hand, the presence of a large pancre- 
atic mass with direct infiltration of surrounding 
structures and peripancreatic lymph nodes favors a 
primary pancreatic tumor. It is well know that the 
clinical and radiological findings of metas-atic pan- 
creatic carcinoma may simulate primary carcinoma 
of the lung.*'^ In 3.4% of a recent large series of pa- 
tients with pancreatic carcinoma, the initial diag- 
nosis was primary bronchogenic carcinoma.? We 





Fig. 2. Pancreatic tumor showing loosely arranged rounded 
or polyhedral cells with abundant cytoplasm and promi- 
nent nuclei. (H & E, x250) 


believe that the macroscopic and histological find- 
ings in our patient favor the view that the tonsillar 
and lung tumors were metastases from a primary 
carcinoma of the pancreas. 


Spread of pancreatic carcinoma to the lungs and 
tonsils can occur by either vascular or lymphatic 
channels. Lymphatic metastases to the hilar or tra- 
cheobronchial lymph nodes with secondary inva- 
sion of large bronchi is a well-recognized phenom- 
enon in pancreatic carcinoma.? There was, how- 
ever, no evidence of this in our case and hemato- 
genous spread seems to be a more likely explanation 
of the lung metastases. Hematogenous dissemina- 
tion to the lungs without involvement of the liver 
can be explained by lymphatic spread via the lum- 
bar-collecting trunks to the thoracic duct.” Hemato- 
genous spread also seems to be the most likely ex- 
planation of the tonsillar metastases, probably via 
the systemic arterial circulation or possibly via the 
paravertebral plexus of Batson. Retrograde lym- 
phatic spread to the tonsils is thought to be a much 
less likelv pathway for tonsillar metastases, particu- 
larly since the cervical lymph nodes are usually 
uninvolved.' The presence of a tumor nodule in the 
left pyriform fossa in our patient is of interest in 
view of a recent report of metastasis to the epiglot- 
tisë in a patient with pancreatic carcinoma. 
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Fig. 3. Pancreatic tumor showing marked cellular pleo- 
morphism, tumor giant cells, and elongated spindle- 
shaped cells, giving pseudosarcomatous pattern. (H & E. 
x400) 


Extratonsillar primary tumors rarely metastasize 
to the tonsil. Sellars? was able to find 20 case reports 
of metastatic tumors of the tonsil in the literature 
between 1858 and 1968. By 1979, Brownson et al! 
found reports of 76 cases in the literature, but in 
many of these, detailed clinical or pathological data 
were lacking. 


The most common tumors to give rise to tonsillar 
metastases have been malignant melanoma, carci- 
nomas of the breast and lung, hypernephroma, 
seminoma and carcinoma of the stomach.’ In addi- 
tion, there are isolated reports of tonsillar metasta- 
ses in carcinoma of the prostate, rectum or pyriform 
sinus, neuroepithelioma,'® Wilms tumor'? and 
choriocarcinoma.'' Ashur et al"? have recently re- 
ported an additional case of metastatic malignant 
melanoma in the tonsil. Pancreatic carcinoma is not 
mentioned as the source of tonsillar metastases in 
the reviews of Sellars? or Brownson,' but the latter 
author refers briefly to two cases of tonsillar metas- 





Fig. 1. Well-demarcated tumor mass in left lung showing 
similar histological features to tonsillar and pancreatic tu- 
mors. (H & E, x100) 


tases from tumors in the gallbladder-common bile 
duct area. 


Metastases to the tonsils are more often unilateral 
than bilateral. Bilateral tonsillar metastases are, 
however, well documented and are, in fact, more 
frequent than unilateral metastases in cases of mela- 
noma. seminoma and carcinoma of the breast or 
stomach.' 


The time interval between the diagnosis of the 
primary tumor and the appearance of tonsillar me- 
tastases is usuallv less than one vear but may be 
much longer in cases of breast carcinoma, hyper- 
nephroma and malignant melanoma. Our case was 
unusual in that the patient's presenting symptoms 
were due to the tonsillar metastases. As far as we are 
aware. this has been previously described only in 
cases of hypernephroma.' 


The rapid clinical course in our patient is consis- 
tent with the short mean survival time reported for 
patients with tonsillar metastases, regardless of the 
nature or site of the primary tumor.’ 
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EFFECTS OF COLD AIR AND EXERCISE ON NASAL PATENCY 


P. COLE, MD, FRCS:C) 


H. FORSYTH, BSC, MA 


]. S. J. HAIGHT, BM, FRCS(C) 


TORONTO, ONTARIC 


Changes in nasal patency were examined in six warmly clad, healthy adult subjects at rest and with exercise in a cold chamber at 0°C 
by computer-aided respiratory rhinometry. In all subjects change from comfortable laboratory conditions to the cold chamber was accom- 
panied by a decrease in nasal patency. Subjects remained in the chamber where this response was reversed by exercise in each case. 


INTRODUCTION 


Nasal mucosal responses in subjects both at rest 
and with exercise in a cold environment are de- 
scribed in this communication. An investigation of 
the combined effects of cold and exercise has not 
been reported hitherto. 


Decrease in nasal patency of resting subjects 
breathing cold air has been demonstrated quan- 
titatively by Takagi et al' and by Salman et al.’ 
Drettner has given an account of his own 
rhinoscopic findings and those of other observers 
but the appearances which were found on cold ex- 
posure do not compose a clear picture of mucosal 
behavior. 


Increase in nasal patency with exercise is well 
recognized bv clinicians and has been investigated 
by Richerson and Seebohm,‘ Baumann and 
Masing,° and Masing et al,° Dallimore and Eccles,’ 
Hasegawa and Kern? and by Saketkhoo et al.? In an 
earlier paper we reported having found little 
change in nasal patency of subjects when measure- 
ments were made before and after a brisk walk in 
subfreezing conditions.'? 


These latter observations were made in subjects 
who experienced a combination of cold exposure 
and exercise. The effects of both exposure and exer- 
cise in a cold environment have now been examined 
under controlled conditions and the results are re- 
ported. 


METHODS 


Results were obtained from six healthy adult volunteer sub- 
jects. A posterior rhinometric technique was employed using a 
scuba mask with a pneumotach (Fleish No. 2) in the faceplate; 
transnasal pressure and flow were sensed by transducers (Vali- 
dyne MP-45). The amplified signals were led via a buffered inter- 
face to an analog-to-digital converter where they were sampled 
every 20 ms. The values thus obtained by discontinuous sampling 
and digitization were stored in the memory of a microprocessor 
(Imsai 8080A) which was programmed to compute and produce 
an on-line readout and printout of minute ventilation, average 


transnasal pressure and resistance on completion of each series of 


five consecutive breaths, '* 


Maximum physical working capacity (PWCmex) was deter- 
mined for each subject." At a separate session, nasal resistance 
measurements were obtained from subjects at rest in a comfort- 
able environment (24°C, 50% relative humidity). 

Resëng. Each subject was then warmly dressed and seated on a 
cycle ergometer in a cold chamber at 0°C. Measurements of 
minute ventilation, average transnasal pressure and nasal 
resistance were made at five-minute intervals throughout the 
duratien of each experiment. 

Exercising. When nasal resistance stabilized the subjects re- 
mainec in the cold chamber and began to exercise at 50% 
PWCrax. Two subjects exercised at this level for five to ten 
minutes only; the remaining four continued for 20-30 minutes 
and their exercise level was then increased to 75% PWCmax for a 
further five to ten minutes. 

Rececery. Three subjects were exposed at rest in the chamber 
for 20 minutes and their nasal resistance was measured at inter- 
vals following return to comfortable laboratory conditions, ie, 
during spontaneous recovery and following application of 0.1% 
xvlomeiazoline nasal spray. 

Positreatinent Exposure. One subject was exposed in the 
chamber after application of 0.1% xylometazoline spray. 

Subsects blew their noses before measurements were made in 
order io avoid obstruction of the nasal passages by accumulated 
mucus secretion. 


RESULTS 
Resistance values demonstrate a decrease in nasal 
patency on cold exposure which is reversed by exer- 
cise in the continued presence of the cold stimulus. 
The magnitude of the exercise response is directly re 
lated :o severity of exercise. No responses were found 
in a xylometazoline-decongested nose (Table). 


Resting. All six subjects showed a decrease in 
nasal patency which approached a plateau after 20 
minutes of cold exposure. 


Exercising. All six exposed subjects showed an in- 
crease in nasal patency with exercise within the cold 
chamber to approximate pre-exposure levels. In two 
subjects this occurred at 50% PWCmex. In four sub- 
jects the reduction of resistance at 50% PWCrax 
was minimal but remained constant for as long as 
30 minutes; when the level of exercise was increased 
to 73% PWCnax a more marked reduction of 
resistance took place almost immediately. 


REPRINTS — P. Cole, MD, The Gage Research Institute, 223 College Street, Toreo, Ontario, Canada M5T 1R4. 
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NASAL RESISTANCE WITH COLD EXPOSURE 
AND EXERCISE 


Nasal Resistance cm H,0/liter/s 
24°C 50% RH 0*C 95% RH 
20-min Continued Exposure 
Exposure, 50 % 75 % 
Restin PWC max PWC max 


Pre-exposure, 


Subject Resting 





i" 3.5 9.2 3.9 3.0 
2 2.8 4.5 4.5 2.2 
3 3 3.9 1.8 — 
1 2.2 3.6 3.4 2.5 
3 2.8 4.1 2.1 -= 
» 2.4 4.8 4.4 2.8 
af 2.3 2.4 


RF - Relative humidity; PWC,,, - Maximum physical working capacity. 
*Patient has perennial rhinitis. 
f With 0.1% xylometazoline. 


Eecovery. Recovery approaching pre-exposure 
levels of nasal resistance occurred 20-60 minutes 
after return tó a comfortable environment. Reduc- 
tion of resistance with xylometazoline was similar in 
rapidity to that induced by exercise (Figure). 


Fosttreatment Exposure. The subject whose nasal 
mucosa was decongested by xylometazoline showed 
no change in nasal resistance on exposure to cold. 
On.y two subjects demonstrated copious mucus se- 
creion on nose blowing, but others were sometimes 
unzware of a mucus accumulation which was clear- 
ly cemonstrated by resistance measurements before 
anc after nose blowing (Figure). 


The degree of nasal congestion on cold exposure, 
exercise and recovery showed quite large intersub- 
ject and intrasubject variations. Furthermore, some 
resting subjects after 20 minutes of cold exposure 
dernonstrated continued increase in congestion for 
several minutes after return to a comfortable en- 
virenment. There have been occasions when cold 
exposure induced no change and others when recov- 
ery extended beyond 60 minutes in the resting sub- 
ject. 


DISCUSSION 


Fesults of experiments described in this com- 
munication confirm the observations of other work- 
ers! ^ that nasal resistance to respiratory airflow in 
huraan subj ects at rest increases with exposure to 
colc air. 


Extended time courses of about 20 minutes are re- 
quired to achieve a resistive plateau on exposure to 
colc air and 20-80 minutes to recover or return to a 
corr fortable environment in subjects at rest. Their 
duration tvpifies the sluggishness of a local met- 
abo ic response taking place in the nasal mucosa 
where the cold stimulus is concentrated in warmly 
dressed subjects. By contrast, the nasal decongestive 
response to exercise is much more rapid and char- 
acteristically in keeping with a localized nervous ac- 
port 
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MINUTES AFTER RETURN TO 
COMFORTABLE CONDITIONS 


Recovery from cold-induced nasal resistance of a resting 
ZUN 


subject in comfortable room conditions. © - Spontaneous; 
€ - After local application of 0.1% xylometazoline; X - High 
resistance between 10 and 15 minutes due to accumulated 
mucus; previous trend of return to pre-exposure patency 
continues after nose-blowing at 15 minutes. 


Ín all six subjects cold-induced nasal resistance 
reverted to pre-exposure values with exercise in the 
cod environment at 5095-759; PWCnmex. The de- 
gree of decongestion was directly related to severity 
and independent of duration of exercise and ap- 
pears somewhat less than that attained in a comfor- 
table environment. Subjects who continued to exer- 
cise at 50% PWCmax for as long as 30 minutes main- 
tained a constant level of nasal resistance and when 
exercise was increased to 75% PWQna:x a further 
reduction in nasal resistance took place almost im- 
mediately. 


Application of the nasal decongestant 0.1% xylo- 
metazoline blocked the congestive response to cold. 
By comparison, subjects who walked briskly from 
the comfortable laboratory into 0°C outdoor condi- 
tions did not demonstrate nasal congestion on their 
return to the laboratory after ten to 15 minutes of 
continued brisk w alking i in the cold;'? in these cases 
exercise blocked the cold response. When xylo- 
metazoline was applied to nasal mucosa congested 
by cold exposure (Figure), rapid decongestion took 
plece. The rapidity of decongestion (less than five 
miautes) which occurs with both exercise and xylo- 
metazoline suggests that the mucosal swelling is 
mcre likely vascular than edematous, and indeed it 
wculd be reasonable to expect that removal of tissue 
fluid in the presence of capillaries constricted by 
xylometazoline could be quite a lengthy process. 
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ABNORMAL VENOUS DRAINAGE SIMULATING 
A GLOMUS JUGULARE TUMOR 


ANDERS TJELLSTROM, MD 


PAL SVENDSEN, MD 


GOTEBORG, SWEDEN 


Knowledge of the arterial supply and the venous drainage of a glomus jugulare tumor is of most importance for surgery, and close 
cooperation between the neuroradiologist and the otelaryngologist is necessary. The possibility of a variation of the vascular anatomy 
should be kept in mind. We report a patient with a reddish mass behind the eardrum which was found to be her transverse sinus running in 
a vertical direction, ending in a sigmoid sinus which was passing close to the foramen magnum. 


in a recent publication Deeb et al' called atten- 
tion to a hazard in diagnosis of glomus ugulare 
tumors. He found a bluish mass in the hypotym- 
panic space in a 25-year-old female to be a high 
positioned, blind-ending jugular bulb. Retrograde 
jugular venography had been interpreted as ob- 
struction of the right sigmoid sinus at the evel of 
the bulb. The aim of this communication is to pre- 
sent a case with a similar history and angiograms 
demonstrating an abnormal route, not an eplasia, 
of the sigmoid sinus. 


CASE REPORT 


A woman 40 years old was admitted to th» ENT 
department with a pulsatile tinnitus in her right ear 
which she had had for more than 20 year:. Ten 
years before admission she had been examired by 





an ENT specialist who found a bluish mass in the 
hypotympanic area of the middle ear. The patient 
had a normal cochlear function and only a small 
conductive hearing loss. Vestibular tests were all 
normal. On the suspicion of a glomus jugulare 
tumor an angiographic examination was performed 
in another hospital. No pathological changes were 
seen on the angiograms but subtraction technique 
was not used. The venograms were judged normal. 
It was therefore decided not to operate and to 
follow the patient closely. 


Over the next ten years there was no change in 
the symptoms. The tinnitus was of the same pul- 
satile quality and of the same magnitude. The dis- 
crete conductive hearing loss was unchanged. No 
abnormal neurological signs were observed. In spite 
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Fig. 1. A) Lateral projection. Subtraction film from the angiogram in late venous phase. B) Drawing of the same picture. The ab- 
norma. right sigmoid sinus has an abnormal downwards direction compared to the normal left transverse and sigmoid sinus. 
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Fig. 2. A) Frontal half axial projection. Subtraction film from the angiogram n the same late venous phase as in Fig. 1. B) Drawing 
of the same picture. The abnormal right sigmoid sinus is running straight cownward from the confluence sinuum, passing near 
foramen magnum and upwar? to the jugular bulb making a sharp angle with the internal jugular vein. Note the blind ending right 


transverse sinus. 


of the fact that no progress of the symptoms had 
been noted, the case was once again analyzed and 
discussed. New tomograms revealed a wide jugular 
fossa on the right side. The jugular fossa had, 
however, not changed in shape or size during the 
preceding ten years. No bony wall could be seen 
between the wide jugular fossa and the hypotym- 
panum. These findings corresponded well with a 
lack of Brown’s sign with the pneumatic otoscope.* 


The 10-year-old angiograms were reexamined 
after subtraction of the films.’ A right-sided sigmoid 
sinus in its normal place could not be identified. 
The right transverse sinus continued straight down- 
ward from the confluence of sinuses instead of hori- 
zontally to the right. The sinus passed close to the 
foramen magnum, turned upward toward the right 
jugular fossa where the sigmoid sinus now returned 
downward in the jugular vein after a sharp angle in 
the widened jugular fossa (Figs. 1 and 2). The 
jugular bulb fitted very well in the jugular fossa as 
seen on the tomograms. There were no signs of 
space-occupying tumor in the jugular bulb at the 
angiograms. It was concluded that the transverse 
and sigmoid sinuses had an abnormal route without 
aplasia. The patient was discharged without any 
further treatment. 


DISCUSSION 


During fetal life the two cardinal veins develop 
into the intracranial sigmoid sinus and the ex- 
tracranial internal jugular vein. The connecting 
link between the sigmoid sinus and the internal 
jugular vein is the jugular bulb situated in the 
jugular fossa. The jugular bulb lies under the floor 
of the middle ear, generally covered with bone. 
However, according to Overton and Ritter,’ the 
jugular bulb extends above the inferior part of the 


sulcus tympanicus in 6% examined. Kórner? found 
dehiscences in the bony wall between the middle 
ear and the jugular bulb in about 7%. In our pa- 
tient there may be a combination of abnormal fetal 
development of the sinuses and lack of bony border 
between the middle ear and the jugular fossa. 
Tomograms of the jugular area with a 10-year in- 
tervai showed no difference in shape and size of the 
jugular bulb. This indicates no progressive erosion 
of the jugular fossa caused by the unusually sharply 
angled bloodstream in the fossa. There is no reason 
to believe that there has been an increase in the size 
of the jugular fossa with a further protrusion of the 
jugular bulb into the middle ear. It is well known 
that the size of the sigmoid sinus varies, often with 
the right sinus larger than the left.? It is also well 
known that the venous outflow (drainage) in the 
trarsverse and sigmoid sinuses normally may be 
asymmetric without aplasia of the sinuses.‘ 


Turbulence in the blood flow may produce sound 
waves which could be registered and explain a pul- 
satile tinnitus." In our patient there had always 
been a minor tinnitus which, however, had not be- 
come worse and had always been of the same mag- 
nitude. These findings are interesting to compare 
with those of Graham,* who presented a case where 
a progressive erosion of the jugular fossa was ac- 
companied by an increased pulsatile tinnitus during 
the same period. 


The unilaterally abnormal venous drainage in 
our patient, near the foramen magnum to the jugu- 
lar bulb instead of through the normal sigmoid si- 
nus, has to our knowledge not been described pre- 
viously. When studying the sinuses the angio- 
g-aphic series must be long enough to include the 
venous phase. It should be kept in mind that the si- 
nuses close to the petrous bone sometimes may be 
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difficult to study without subtraction films. 


In conclusion it is necessary to study the venous 


paase of angiograms carefully with subtraction 
fi:ms in patients with suspicious glomus jugulare tu- 
mors when otoneurosurgical procedures are planned. 
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KLIPPEL-FEIL SYNDROME WITH CONDUCTIVE DEAFNESS AND 
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conductive deafness and the perilymph fistula is discussed, 


The Klippel-Feil syndrome was first mentioned 
by Haller in 1745, and was characterized by a con- 
genital deformity of the cervical spine in the form of 
a numerical reduction of the cervical vertebrae due 
to fusion of the vertebral bodies, and was associated 
with multiple abnormalities of the musculoskeletal, 
neural and sensory organs. Its clinical and anatomi- 
cal features are later well described by Klippel and 
Feil’ in 1912. 


Deafness is also the common associated anomaly 
to this syndrome, and the ear anomalies may in- 
clude unilateral or bilateral deformity of the inner 
ear, as shown by Schuknecht.’ However, hearing 
loss in most of the previously reported cases was of 
the sensorineural type, and cases showing the con- 
ductive or mixed type of hearing impairment asso- 
ciated with this syndrome were rare. 


Most of the cases of the Klippel-Feil syndrome 
were sporadic, and showed little familial occur- 
rence.? Although the X-linked trait that is lethal in 
males was suggested by Gorlin* in 1969, autosomal 
recessive inheritance has also been suggested.’ 
Fraser presented a case of the Klippel-Feil syn- 
drome with profound deafness, and stated that 
there was no obvious simple hereditary pattern 
after he had reviewed the previously reported cases 
of this syndrome.? As to the sex preponderance, 
some authors have stated that the syndrome is more 
common in males*; others feel that the incidence is 
equal in males and females." Still other authors 
feel that the syndrome is seen more commonly in fe- 
males.5'* The association of the Klippel-Feil syn- 
drome with deafness, however, such as Wilder- 
vanck syndrome, is found predominantly in fe- 
males.''"? 


A variant of the Klippel-Feil svndrome is known 
as cervico-oculo-acousticus syndrome, described by 
Wildervanck" in 1952. The Wildervanck syndrome 
is characterized by fusion of two or several cervical 
vertebrae (Klippel-Feil syndrome), abducens para- 
lysis. retraction of the eyeballs and congenital sen- 
sorineural or conductive hearing impairment. The 
hearing loss may be unilateral or bilateral. The sen- 
sorineural deafness may be the result of a Mondini 
type of cochlear malformation.’ 


Jarvis and Sellars’? reported a case with conduc- 
tive deafness in which they found a thick and fixed 
stapes footplate which they histologically exam- 
ined. This was the first report on the histology of the 
stapes from a Klippel-Feil syndrome with conduc- 
tive deafness. 


The purpose of this report is to present another 
case of the Klippel-Feil syndrome associated with a 
conductive hearing loss, and to describe the histo- 
logieal findings of the removed stapes. 


CASE REPORT 


A. 92-vear-old female visited our hospital, the 


childhood. Her hearing loss was not progressive but 
she developed tinnitus in the right ear a few years 
prior to her visit to the hospital. In the family 
historv, there were no other hereditary diseases or 
consanguineous marriages, nor congenital anoma- 
lies in the four siblings. Her menarche was at 13 
years, but her menstrual cycle had been somewhat 
irregular. 


From the Department of Otolaryngology. School of Medicine, Tokai University. Boseidai, Japan. 
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Fig. 1. Posterior view of the patient. Small deformed 
scapula in high position on left side. 


On phvsical examination, otoscopic findings 
were normal in both ears. Her head was maintained 
in a position of torticollis to the left, and the-e was a 
slight tendency of ptervgium colli more prominent- 
ly in the left than the right, giving her the ap- 
pearance of a slight shortening of the neck with a 
low posterior hairline. The inclination of tae head 
toward the right was somewhat limited, but there 
was no pain on movement of her head. The left 
shoulder was adducted forward and elevated, and 
the left supraclavicular fossa and the superior 
anterior thorax showed a remarkable concavity. In 
the back there was a small, prominent, deformed 
scapula on the left situated at a higher position than 
the right scapula. The patient was unable to raise 
her left arm to more than 130° from the trunk (Fig. 
1). The pupils reacted equally to light and accom- 
modation. No limitation of lateral gaze was present 
bilaterally, and no apparent eyeball retraction was 
found. X-ray studies of the cervical spine showed 
fusion of the C-5 and C-6 vertebral bodies and pos- 
terior arches, suspicious fusion of the C-2 and C-3 
posterior arches, and a large omovertebral bone 
(Fig. 2). A chest x-ray film showed a small left 
scapula in a high position compatible vith the 
Sprengle deformity. There was a moderate degree 
of scoliosis to the left in the cervical region. 
Polytomograms of the temporal bone showed a nor- 
mal cochlea, vestibule and semicircular canals in 
each ear. 

A pure tone audiogram revealed a conductive 
hearing loss of an average of 33 dB combined with a 
bone conduction loss averaging 15 dB at speech fre- 
quencies in the right ear (Fig. 3). The speech dis- 
crimination was 100% and a tympanogram showed 
type A. Chromosomal studies using the blood cul- 
ture technique revealed a normal karyogram. 


The diagnosis was made of the Klippel-Feil syn- 
drome with conductive hearing impairment of the 





Fig. 2. Cervical spines fused between the C-5 and C-6 
vertebral bodies, and suspicious fusion of the C-2 and C-3 
posterior arches. Large omovertebral bone (arrow) is 
noted. 


right ear, and the patient underwent exploratory 
tvmpanotomv under local anesthesia. There was no 
apparent anomaly in the middle ear except for the 
atrophic long process of the incus. The stapes foot- 
plate, opalescent at the center, but thickened at its 
posterior half area, was fixed at the stapedeovestib- 
ular joint. The oval window margin, particularly at 
the posterior part, was essentially normal in ap- 
pearance. The motilitv of the malleus and incus was 
intact. The stapes was removed in toto, and a 
Schuknecht Gelfoam-wire prosthesis was used. Im- 
mediate postoperative hearing was remarkably im- 
proved, and the patient was discharged from the 
hospital on the seventh postoperative dav. The re- 
moved stapes was submitted to histological studies 
(Fig. 4 A,B). The anterior crus of the stapes was 
remarkably thickened, while the posterior crus 
seemed rather thin, but the osseous structure was 
histologically identical in both crura. There was a 
remarkable thickening of the entire footplate, but 
the posterior edge of the footplate showed hyper- 
plastic osseous tissue. With the normal haversian 
system, the lamellar osseous tissue with few osteo- 
cytes was observed. The lamellar structure, how- 
ever, was rather irregular at the posterior part of 
the footplate. There was a well-preserved car- 
tilaginous laver in the vestibular surface of the 
footplate. The connective tissue of the annular liga- 
ment was not replaced by any bone or calcification; 
thus, no definite evidence of bony fixation of the 
stapes footplate to the oval window niche was de- 
tected from these histological specimens. 


The patient’s hearing continued to be stable, un- 
til she experienced a sudden hearing change on the 
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Fig. 3. Pure tone audiogram of right ear showing con- 
ductive hearing loss of an average of 33 dB at speech fre- 
quencies. 


15th postoperative day. Soon after taking what she 
described as “physical exercise," turning her head to 
the right and left several times, moving her arms up 
and down, she developed an obstructive sensation 
in the operated ear followed by a complete loss of 
hearing and dizziness. She returned to our clinic, 
presenting a profound sensorineural deafness on the 
right ear and spontaneous horizontal nvstagmus to 
the left. The diagnosis of perilymph fistula was 
made, and revision of the stapedectomy was indi- 
cated. During the operation, a perilymph fistula at 
the inferior, posterior portion of the oval window 
was detected, and a closure of the fistula with tem- 
poralis fascia was performed. However, postopera- 
tive audiometry has shown complete absence of any 
cochlear function in the operated ear. 


DISCUSSION 


The etiology of the Klippel-Feil syndrome is un- 
known, but some authors have suggested that the 
condition arises from a faulty segmentation of the 
mesodermal somites between the third and seventh 
week in utero.'' The first description of the associa- 
tion of deafness with this syndrome was made by 


Fig. 4. A) Microphotograph of re- 
moved stapes. Note thin posterior crus 
and thick anterior crus. Entirely 
thickened footplate, particularly at 
x»sterior edge of footplate. Carti- 
aginous tissue of vestibular surface is 
well preserved. B) High power view 
of posterior part of footplate. Hypero- 
stotic change with few osteocytes and 
irregular structure of lamellar bone 
are shown. Annular ligament is not 
calcified nor invaded by new bone 
formation. 


Jalladeau" in 1936 who reported that deafness was 
the second most common anomaly, and that nearly 
30% were deaf-mute. McLay and Maran"^ reported 
three cases of this syndrome with profound unilat- 
eral or bilateral sensorineural deafness in one of 
whom the temporal bone was sectioned, and thev 
found that there was underdevelopment of the bony 
and membranous labvrinth, cochlea and auditory 
nerve. and that the ossicles from the second arch 
source were also deformed. The association of con- 
ductive or mixed deafness with the Klippel-Feil syn- 
drome has been reported bv a few authors. 


Singh et al'’ described a patient with a normal 
middle ear cavity and normal ossicular chain, con- 
cluding that the conductive deafness might be due 
to a defect at the transmission level of the inner ear. 
Edwards'* described a female with mixed deafness 
with this syndrome showing a deformed ossicular 
chain, and he performed reconstruction of the 
sound-transmitting chain bv the polyethylene strut 
technique with good results. In 1978, Daniilidis et 
al'’ reported stapes fixation in a patient with this 
syndrome, and when removing the fixed stapes, 
they encountered perilymph gusher. In 1980, they 
also reported a case of this syndrome associated 
with conductive deafness, in which the fixation of 
the stapes was treated well by stapedectomv.^" The 
Klippel-Feil syndrome, in its association with con- 
ductive or mixed hearing loss, may also be associ- 
ated with a variety of other developmental anoma- 
lies. Jaffee’! reported a female with multiple ano- 
malies, including the Klippel-Feil syndrome, 
Sprengel deformity, Turner syndrome, agnesia of 
the kidney and bilateral mixed deafness. Park et al^ 
in 1471 reported the Klippel-Feil syndrome associ- 
ated with conductive deafness and absent vagina in 
two unrelated patients. Our case presented fusion of 
the cervical vertebrae, torticollis, scoliosis, webbed 
neck, shortness of the neck with a low nuchal hair- 
line. the Sprengel deformity which occurs so fre- 
quently that many authors consider it an essential 
part of the syndrome,'' and conductive deafness. 
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Besides these symptoms, our case presented re- 
markable concavity of the supraclavicular fossa and 
the upper anterior thorax, as well as the large 
omovertebrai bone. From these clinical manifesta- 
tions, our case could be differentiated frem the 
Wildervanck syndrome, the Klippel-Feil svedrome 
associated with hearing loss and absent vagina, and 
the syndrome described by Jaffee. 


It is well known that leakage of cerebrospinal 
fluid may happen spontaneously. with a corgenital 
perilymph fistula when there is a known cor genital 
defect of the middle ear or inner ear in association 
with syndromes such as the Klippel-Feil syn- 
drome.^ "It has also been clearly demorstrated 
that fistulization of the oval window can occur after 
stapedectomv or in a normal ear after heac injurv 
or physical exertion."^^^ Possibly, the ear in ques- 
tion might have suffered from another ma forma- 
tion in the labyrinth which would make it suscep- 
tible to development of a perilymph fistula when 
submitted to a sudden increase of intracranial cere- 
brospinal fluid pressure, presumably induced bv 
physical exercise, although during stapedectomy 
there was no abnormal extravasation of perilymph. 
As mentioned earlier in this report, Jarvis and 
Sellars" published the first description. of a 
histological investigation of the stapes from z case of 
the Klippel-Fei! syndrome with conductive deaf- 
ness. Thev found that there were irregular cement 
lines of bone which did not suggest otosclerosis. 
They concluded that the stapes fixation was due to 
underlying mesenchymal dysplasia. 


The histological changes of the removed s-apes in 
the present case were nonspecific hyperostotic 
changes of the entire footplate. particularly at the 
posterior edge of the footplate, and the annular 
ligament and circumferential part of the fcotplate 


itself were apparently well preserved. There was no 
ev dence of otosclerotic focus in any part of the foot- 
plate. Since the etiology of fusion of the cervical 
vertebrae is believed to be faulty segmentation of 
the mesodermal somite, a common etiologic factor 
of fusion of the cervical vertebrae and stapes fixa- 
tian can be considered. The stapes footplate is his- 
tologically continuous to the cartilaginous otic cap- 
sule, and it is believed that the thinning out and 
specific differentiation of a marginal zone forms the 
anaular ligament, with the footplate becoming a 
separate mobile structure.?"?? 


H fauity segmentation of the precartilaginous 
lamina stapedius from the otic capsule and fusion of 
the cervical vertebrae are induced by the same in- 
tra1iterine etiologic influence, osseous fixation of 
the footplate mav also be possible, resulting in con- 
gerital fixation of the stapes. However, the oval 
wimdow margin in our case was apparently normal, 
thus ruling out an abnormality of configuration 
caused by, for instance, a developmental anomaly 
or ocalized bone dysplasia. 


Therefore, we concluded that there was no com- 
man cause of misdifferentiation of the cervical 
vertebrae and the stapes footplate. In the present 
case. however, the removed stapes which was ob- 
served in the histological sections did not provide 
definite or explainable evidence for the immobiliza- 
tion of the stapes footplate, producing the conduc- 
tive deafness in this patient. Since the annular liga- 
ment and the articular surface of the stapedial foot- 
plate were intact, we can assume that in the ab- 
sence of an otosclerotic focus, a localized area of hy- 
perostosis was responsible for the impingement of 
the footplate, resulting in the conductive deafness 
of he patient. 


ACKNOWLEDGMENT — The authors would like to thank Mrs. Marian Holm-Hzmnsen for her assistance in the preparation of this manuscript. 
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AMERICAN BOARD OF OTOLARYNGOLOGY EXAMINATION 


The American Board of Otolarvngology's written examination will be given September 25, 1983, at the Palmer House in Chicago, Il- 
linois. Registration will be held Saturday, September 24, 1983, at 5:00 pm at the Palmer House. It is estimated that the examination will 


conclude at 6:00 pm Sunday. 


Deadline for application is May 1. Please contact George F. Reed, MD, Secretary-Treasurer, at the American Board of Otolaryn- 
gology, 220 Collingwood, Suite 130, Ann Arbor, MI 48103, for new application forms. 
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X-RAY STUDY OF THE MONTH 
PETROUS CAROTID ANEURYSM 


JOHN R. HESSELINK, MD 


ALFRED L. WEBER, MD 


BOSTON, MASSACHUSETTS 


PATIENT 


A 48-year-old man presented with gradual hear- 
ing loss in the left ear over a 20-year period. Two 
months prior to admission, he had an episode of 
sharp pain in the left ear with headache. An acute 
otitis media with a perforated ear drum was found 
and he was treated appropriately with antibiotics. 
At the time of admission, examination revealed a 
hemotympanum with a bluish pulsatile mass in the 
tympanic cavity. Audiogram demonstrated a mod- 
erate conductive hearing loss on the left which was 
more significant at higher frequencies. 


RADIOGRAPHIC FINDINGS 


The lateral polytome section (Fig. 1A of the 
petrous bone shows erosion of the jugular spine. A 


















thin curvilinear density (arrowhead) represents a 
remnant of bone or more likely calcification within 
the wall of the aneurysm. On the AP polytome sec- 
tion (Fig. 1B,C) at the cochlear and vestibular level 
there is erosion of the floor of the tympanic cavity 
and carotid canal. The carotid canal and jugular 
fossa form a single cavity (arrowheads). Carotid ar- 
teriograms in AP (Fig. 1D) and oblique (Fig. 1E) 
projections demonstrate an aneurysm of the petrous 
segment of the internal carotid artery. The aneu- 
rysm extends laterally and superiorly into the mid- 
dle ear region (arrowheads). 


DISCUSSION 


The petrous segment of the internal carotid 
artery is a relatively uncommon location for aneu- 
rysms, with approximately a dozen cases being re- 
ported in the literature. They may be congenital,'” 
but are more commonly associated with trauma’ or 
chronic otitis media.* In temporal bone fractures in- 
volving the carotid canal, associated injury to the 
vessel wall probably predisposes the artery to aneu- 
rysm formation. Inadequate treatment of middle 
ear infections may result in erosion of the thin bony 
plate separating the vertical portion of the carotid 
canal and the tympanic cavity, exposing the carotid 
artery. 


The clinical presentation depends on the direc- 
tion of expansion of the aneurvsm.? Medial exten- 
sion to the petrous apex and cavernous sinus region 
may lead to cranial nerve palsies. Extension into the 


Fig. LA-C 


From the Department of Radiology, Massachusetts Eve and Ear Infirmary, Boston. 
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Fig. 


tvmpanic cavitv is associated with hearing loss. tin- 
nitus and pulsatile mass on examination. These pa- 
tients may present with aural hemorrhage or epi- 
staxis. To suspect the diagnosis in cases with epi- 
staxis requires an astute clinician to observe the 
blood or clot at the eustachian tube orifice.? 


The differential diagnosis includes aberrant 
carotid arterv presenting in the middle ear, aber- 
rant course of the jugular vein and glomus tvm- 
panojugulare tumor. The preferred treatment is 
ligation of the internal carotid arterv in the neck. 
The intracranial hemodvnamics must be evaluated 
thoroughly at the time of preoperative angiogram. 
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If the potential collaterals to that cerebral hemi- 
sphere are inadequate, the carotid ligation should 
be preceded by a superficial temporary artery to 
middle cerebral artery bypass graft. 


In the case presented here, the aneurysm was 
probably of congenital origin. The history of otitis 
media did not seem sufficient to make infection a 
possible causative factor. The episode of acute ear 
pain and the hemotympanum at the time of admis- 
sion were probably related to small hemorrhages of 
the aneurysm. Fortunately these initial bleeds were 
not fatal. 
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PATHCLOGY CONSULTATION 
PAROTID GLAND AND ITs LYMPH NODES AS METASTATIC SITES 


.OHN G. BATSAKIS, MD 


Houston. TESAS 


The parotid gland and its lymph nodes can serve as metastatic sites from regional and distant primary neoplasms. In the head and 
neck, the regions and neoplasms at risk for such metastases are melanomas and squamous cell carcinomas of the skin of the evelids, frontal. 
temporal, posierior cheek and anterior ear regions. The mucous membrares of the upper aerodigestive tract may also be a site for a pri- 


mary demonstrating parotid area metastases. 


Metastatic involvement (in the broadest context) 
of the parctid gland may arise a) from lymphatic 
spread, b) ‘rom hematogenous dissemination, or c) 
bv contiguous extension. The latter is common with 
supporting tissue malignancies of the parot d region 
while the parotid gland as a focus of metastasis from 
a distant primarv is unusual. 


Lymphatic metastases to the gland may »e direct 
without involvement of the paraglandulzr or ex- 
traglandular lymph nodes, may be secondary from 
a metastatic focus in a paraglandular lymph node, 
or may be from a retrograde extension from massive 
metastases in the neck. 


The parotid gland and the juxtaparotid area is 
rather abundantly supplied bv lymph nedes and 
Iymphatics."* The lymph nodes may be divided in- 
to intraglandular and extraglandular grcups. An 
average of 20 intraparotid lymph nodes may be 
identified after serial sectioning of the normal paro- 
tid gland. These are definable nodes with capsules 
and sinuses and their number does not indude the 
normally present aggregates of lymphocrtes and 
Ivmphoid tissue without nodal characteristics. In- 
traglandular nodes are located along the posterior 
facial vein between the superficial and deep parts of 
the parotid gland and are both superficial end deep 
to the facia! nerve. Extraglandular nodes a-e usual- 
Iv subdivided into preauricular and infra-zuricular 
groups and are predominantly in the prezuricular 
area. along the superficial temporal vessels. 


The intraglandular and extraglandular groups. 
while separable by the topography, are a single 
functional unit. Afferent lymphatics arise from the 
lateral and frontal scalp. evelids, congctivae, 
lacrimal gland. molar area. root of nose. external 
auditory meatus. eustachian tube. and cranial 
vault. The sinonasal. nasopharyngeal and oropha- 
rvngeal regions also have lymphatic connections. 
While epithelial malignancies of these sites are all 


cepable of vielding parotid node metastases, the 
high-risk group of patients are those with deeply in- 
vasive melanomas or poorly differentiated squa- 
mous cell carcinomas in the skin of the ipsilateral 
evelid. frontal, temporal. posterior cheek and 
amterior ear regions.‘ 


The paraglandular lymph nodes are most often 
the sites of the metastases. These are relatively more 
abundant in the pretragal and supratragal areas. 
Tae anterior portion of the parotid gland is rarely 


involved as a metastatic focus in either intraglan- 
dalar or paraglandular lymph nodes.! 


In accordance with the risk potential, the pre- 
deminant histologic types of metastases are melano- 
mas and squamous cell carcinomas. On occasion the 
metastasis may be present as a lesion from an "occult" 
primary. 


Carcinomas and melanomas of mucosal surfaces 
involve the parotid group of Ivmph nodes less fre- 
quently but they, too, may present as the signal 
metastasis. Distant sites with metastases to the 
perotid region and parotid gland are unusual and 
are led by the carcinomas of the kidney, lung and 
breast. 


Metastases to the two parotid groups of lymph 
ncdes may not onlv pose problems in clinical assess- 
ment of the presenting mass, thev also often perplex 
the pathologist, particularly one who is unaware of 
the aggregation of lymph nodes in this region. Un- 
less the lymph node is overrun by the metastasis. the 
identification of its capsule and circumscription 
from the parotid parenchyma serves to point to a 
lymphatic metastasis. The dominance of melanoma 
amd squamous cell carcinoma in the statistics of 
tumors metastatic to the parotid further serves as a 
distinction since both of these malignancies are rare 
as parotid gland primaries. Hematogenous metasta- 
ses, besides their histologic differences from pri- 


From the Department of Pathology and Laboratory Medicine. Maine Medical Center. Portland. 
REPRINTS — Jobn C. Batsakis, MD. Chairman. Department of Pathology. M. D. Anderson Hospital. Texas Medical Center, Houston. TX 77030. 
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mary neoplasms of the parotid gland, usually in- 
volve the interlobular and intralobular fibrous sep- 
tae of the gland, only secondarily extending into the 
parenchyma. 


Metastatic malignancy in the parotid gland 
lymph nodes is usually an ominous prognostic sign 
that is worsened by concomitant cervical lymph 
node metastases.*? Some enhancement may be pro- 
vided by surgical excision coupled with postoper- 
ative irradiation. In the series reported by Cassisi et 
al? the recurrence rate in the parotid gland ip- 
silateral neck was reduced from 75% to 20% by this 


JOHN G. BATSAKIS 


combination therapy. 


An awareness of the possibility and probability of 
metastatic lesions to the parotid gland and its lymph 
nodes may save embarrassment to the pathologist 
and siznificantlv alter surgical management of the 
patient. Most often the primary is known and pre- 
dicted from regions of high risk. At other times the 
metastasis may clinically appear without a demon- 
strable or known primarv. In either instance prog- 
nosis is diminished by the metastases. 
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SATELLITE SYMPOSIUM ON PEDIATRIC OTOLARYNGOLOGY 


A Satellite Symposium on Pediatric Otolaryngology will be held October I7. 1983, in Tokyo. For further information, contact Keijiro 
Koga. Department of Otolaryngology, National Children's Hospital, 3-35-31, Taishido Satagavaku, Tokyo, Japan. 


LETTERS TO TEE EDITOR 


Dear Editor, 


The paper by Mirko Tos and Jens Thomsen, "The Price of Pre- 
servation of Hearing in Acoustic Neuroma Surgery.” (Ann Otol 
Rhinol Laryngol 1982: 91:240-5) presents some arguments for the 
translabyrinthine approach. But their demonstrations would be 
much more : ferceful $ the nu prs had also mentione the many 
to PU cee, in aooiie neuroma surgery (listed below). 
The title of their paper is somewhat misleading; the pzper is more 
concerned with the translabyrinthine approach than with the pre- 
servation of bearing. 


Georges Fischer, MD 
Hopital Neurologique 
Lyon, France 
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Dear Editor, 


Recently, Yarington and Thompson (Incendiary characteristics 
of endotracheal tubes with the carbon dioxide laser: supplemental 
report. Ann Otoi Rhinol Laryngol 1982; 91:605) reported a 
follow-up to their paper on the incendiary characteristics of en- 
dotracheal tubes in regard to ignition during endoscopic laser 
surgery. They stated that the silicone rubber tube is resistant to 
combustion in an environment of 20% oxygen. We have similarly 
been studying the incendiary characteristics of various en- 
dotracheal tubes including the silicone tube. While oar data sup- 
port their findings that the silicone tube is relatively safe when 
tested or used under the specific conditions stated in their paper. 
these test conditions do not mimic common clinical use. Under 
conditions closer to those found in common practice, tte safety af- 
forded by the use of the silicone tube may be seriousiy compro- 
mised. 


Anesthesia for short procedures such as endoscopic laser surgery 
is-commenly conducted using a mixture of oxygen and nitrous ox- 
ide. We and other workers (eg, Hirshman and Smith, Arch Oto- 
laryngol 1980; 106:639-41) have found that nitrous oxide supports 
combustion at least as well as oxygen. Indeed, with a flowing 
mixture of 20% oxygen in nitrous oxide, ignition of a silicone en- 
dotracheal tube is virtually instantaneous (0.1 second exposure at 
& W of laser power) and violent if the beam strikes the interior of 
the tube through a small hole. 


Like Yarington and Thompson, we have failed to achieve igni- 
tzon of a silicone tube with oxygen concentrations below 30% 
where nitrogen or helium (there was no noticeable difference) 
was the diluent. Furthermore, regardless of the gas mixture inside 
tke tube, no ignition occurred when the point of exposure was the 
ezterior of the tube in an atmosphere of air. However, our laser, a 
rather venerable Coherent 400, experiences a large fall-off in 
power when used in continuous mode. A more powerful laser 
ir av be able to penetrate the tube and reach the dangerous at- 
mosphere inside, Furthermore, ignition has been achieved if the 
a'mosphere outside the tube contains excess oxygen or nitrous ox- 
ice, as mav be the case if there is leakage past the cuff. 


A potential hazard has also been noted which may be unique to 
the e tune. Upon Fomoustom silicone tubes revert to a 
odi A at the bnt of eniin. Ww ere this to occur in a 
patient, the burning distal end of the tube would be difficult to 
remove, exacerbating an already dangerous situation. On the 
other hand, in a test of a wire-reinforced silicone tube, the distal 
esd was retained by the reinforcing wire despite disintegration of 
the section of the tube at the point of ignition. 


In summary, we would like to agree with Yarington and 
T 10mpson that the silicone endotracheal tube provides a fair de- 
gree of safety for endoscopic laser surgery of the upper aerodiges- 
tive tract, but only if the following considerations are kept in 
mand: 1) the inspired oxygen concentration should not exceed 
3C % ; 2) nitrous oxide should not be used, the oxygen being deliv- 
ered in either air, nitrogen or helium; 3) should oxygen concentra- 
tiens higher than 30% be necessary, exposure time should be brief 
ard laser power kept as low as possible to avoid penetrating the 
tube. and no leakage past the cuff should be permitted: 4) a wire- 
reinforced tube is preferable to insure complete withdrawal 
should ignition occur. 


Robert M. Kellman, MD 
Departments of Otolarvngology 
and Pediatrics 
Robert T. Chilcoat, PhD 
Department of Anesthesiology 
State University of New York 
Upstate Medical Center 
Svracuse 
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Forensic Audiology 
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Jacques Joseph: Surgical Sculptor 


Bv Paul Natvig. Black and white illustrations, indexed, hard 
cever, 112 pages, 1982. W. B. Saunders, Philadelphia, $27.50. 


Punciples of Speech Audiometry 

Edited bv Dan F. Konkle and William F. Rintelmann. Per- 
spectives in Audiology series. Black and white illustrations, in- 
dexed, hard cover, 395 pages, 1983. University Park Press, Balti- 
more, $39.95. 


BOOK REVIEWS 


The Primarv Acoustic Nuclei 


By Rafael Lorente de Nó. Hard cover, black and white illustra- 
tions, indexed, 177 pages, I981. Raven Press, New York, 
$32. 


This book is a revision and completion of a manuscript first 
drafted in 1938. For over 30 vears the manuscript and numerous 
drawings rested in a cabinet, "virtually forgotten," in the words 
of the author. However. those few investigators who were study- 
ing the cochlear nucleus were aware of Dr. Lorente's plan to 
finish his manuscript someday but had despaired of ever seeing 
the promised drawings. F ollowing retirement from The Rockefel- 
ler Institute in the mid-1970s, Dr. Lorente joined Dr. Victor 
Goodhill and his colleagues in the Division of Head and Neck Sur- 
gery at UCLA, where he was given the opportunity to prepare the 
present monograph. There followed several publ ations one in à 
supplement to the Annals of Otology, Rhinology & Laryngology’ 
and the other in Goodhill’s book.? The present volume includes 
the illustrations from these papers and some of the earlier ones, 
principal v those published in 1933** and 1937.5 In addition there 
is a large number of previously unpublished drawings bearing 
dates from the 1930s and a few which were evidently made in re- 
cent vears. 


The greatest value of this book is without a doubt the many ex- 
quisite drawings made from the author's observations with the 
Golgi methods on newborn or very voung kittens. There are 130 
illustrations, mostlv line drawings of neurons and axonal endings 
from Golgi impregnations, but also some photomicrographic re- 
productions of Nissl-stained and mvelin-stained sections. This 
material is arranged in six chapters. as follows: 1) terminal ter- 
ritories of the cochlear nerve; 2) mvelinated elements of the pri- 
mary acoustic territory: 3) structure of the ventral nucleus: 4) 
structure of the posterior lateral and interfascicular nuclei: 5) 
cellular architecture of the tuberculum acusticum and neighbor- 
ing nuclei: 6) structure of the cortex of the tuberculum acusticum. 
These chapters are filled with many delectable details of neurons. 
axons and dendrites from practically every corner of the cochlear 
nuclei. There is so much information that this reviewer, no 
stranger to Golgi studies of the nucleus, has taken the better part 
of a vear to review it. It may, therefore. come as a surprise to the 
reader to learn that this account is far from complete. Thus. one 
reads on page 60 that "the information presented on the anterior 
branches of division of the cochlear nerve fibers is far more de- 
tailed than that available in the literature, either classical or con- 
temporary. Nevertheless, the information is only fragmentary... .” 


By way of criticism one should note that there is no explanation 
of how the drawings were made — with camera lucida or free- 
hand — and no magnifications are given for any of the illustra- 
tions, nor is the problem of extrapolating results from very voung 
kittens to the mature state discussed. The text accompanving the 
figures is hard to follow, even for experts who have worked with 
the very same methods. This partly reflects the unabashedly dog- 
matic style of the author. For example. we are told that certain 
cochlear fibers in the organ of Corti could not be efferent because 
"in the Golgi section used to prepare Fig. 1-1 fibers of the efferent 
system were not stained." Many other examples could be cited. 
Dr. Lorente informs us that "no clear correspondence exists be- 
tween the subdivisions of the ventral and posterior nuclei de- 
scribed in this volume and the subdivisions proposed by Brawer 
and colleagues.*" Thus, in one stroke the author has denied us the 
opportunity to compare his observations with virtually all of the 


modern «ork on the cat cochlear nucleus with the Golgi methods, 
which: & after all based on Brawer et al. However, the cvtoarch- 
itectonic material presented by the author does not show any par- 
ticular disccepaney with Brawer et al. This raises another prob- 
lem. 

It is c S to kelate this work to e penrosnatomic at 
AMD. some of te litenatdie of ie jas 40 vears since his 
remarkable studies were done, his understanding of modern 
methods is imited. Thus, his criticism of Rasmussen's findings on 
centrifugal pathways to the cochlear nuclei betrays ignorance of 
the sibver degeneration methods, which have been in use for over 
25 vears. More telling perhaps is absence of any reference to the 
electron. microscope literature or attempts to correlate the neu- 
ronal and synaptic morphology of the cochlear nucleus to acoustic 
response properties. One wonders why the author has failed to 
quote the studies of Cant and Morest. ^ who demonstrated an 
abundance of centrifugal projections to the rostral pole of the ven- 
tral coeblear nucleus — which Dr. Lorente's material did not 
reveal, Peraaps this omission reflects the fact that "the revision 
was closed early in 1979." On the other hand. there is no mention 
of the work of Kane'? on the dorsal cochlear nucleus, which clear- 
Iv contradiets the author's notion that the dorsal cochlear nucleus 
'an be regarded as “the cerebellum of the acoustic system.” 
despite some superficial similarities. It is probably not the 
reviewers prerogative to criticize the authors physiological 
theories but onlv to warn unacquainted readers that these are 
totally zt cdds with modern viewpoints. All things considered, 
however, it may be unfair to judge this work for something it was 
not meant to be. Suffice it to say that this is not a book for the 
general reader or the amateur but mainlv for the delectation of 
Golgi experts. 


Perhaps the greatest significance of the author's work is the 
detailed aporoach that he has developed, as a logical consequence 
of the-cectrines of his teacher, Ramón v Cajal. This was to carry 
the neuron doctrine to its ultimate refinem ent, namely. that a tru- 
lv functional neuroanatomy must take account of the individual 
types ef neurons. especially of the projections of the particular 
kinds of axons. This was expressed in terms of the kr of 
neurons arranged in "circuits." Now widely appreciated as "local 
circuits." in 1934 this was a bold statement to fling in the s of 
the Niss! bedy cytoarchitectonics that prevailed at that time. This 
concept was most clearly expressed in Dr. Lorente's papers on the 
limbic cortex! * and the cerebral cortex in general. These works 
were truly inspirational, Hardly anv student of neuroscience over 
the age of 40 could have escaped the influence of the famous 
chapter or the structure of the cerebral cortex in Fulton's 
physiology textbook.? Who could forget Professor Fulton's foot- 
note if nx Dr. Lorente s ae that i3 me review ed 
age have W ished for the same ‘treatment of the present maer 
ial, but surely this was not possible. For example, in the material 
on coeh'ea- innervation one reads on page 3 that the author at- 
tempted tc settle a question of interpretation by "studving the 
original drawing under a magnifying class.” One hopes that Dr. 
Lorernte s previous slides are still intact. But at least his wonderful 
oo ings are safely preserv edi in a un ed sized. w ell- pon for- 


opus magnam artis bv one of an and masters of neuroanatomy. 


D. KENT MOREST, MD 
Farmington, Connecticut 
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Neurological Surgerv of the Ear and Skull Base 


Edited by Derald E. Brackman. Black and white i lustrations, 
subject index, hard cover. 394 pages, 1982. Raven Press, 
New York, $68. 


i 





Based on papers presented at the third in a series ef svmposia 
spensored by the Ear Research Foundation of Florzla and the 
House Ear Institute in Los Angeles, this book continues to il- 
lustrate the creative interchange between neurology ar d otolaryn- 
gosogy that has characterized otologic surgical develooment dur- 
ing the past 25 vears. In substance and format the present volume 
represents a continuity with and a departure from its disting- 
uisaed predecessors edited by Herbert Silverstein and Horace Nor- 
rel under the title Neurological Surgery of the Ear. volumes 1 and 
2. based on the papers given at the first symposia. 


Among this book's continuities with its predecesso-s are good 
bibliographical references which. apart from a few inexplicable 
absences, provide an excellent source for further study bv otolar- 
vngologists. A clear and substantive presentation of : the advan- 
tages and disadvantages of important surgical procedares for the 
retention and preservation of hearing, such as the translabyrin- 
thiae, retrolabyrinthine and middle fossa procedures. cre set forth 
in the current volume. An excellent discussion of acoustic neu- 
roraa surgery is presented, one which adds new information to 
that prev jously published and also fresh insights into tais subject. 


Certainly the most intellectually satisfying are those essays 
which are distinguished by that blend of scientific insight and 
medical information that defies simple categorization and makes 
them unique. One such study is the report bv Gilbert Ehoton and 
his colleagues in which they have delineated the basic anatomical 
relations of the arterial supply to the seventh and eigath cranial 
nerves in the middle posterior fossa. Apparently these microsurgi- 
val interrelationships have never before been described in 
otoogical literature as thoroughly as in this essay. 


Another major article in this book is the paper by Brian Mce- 
Cabe which presents — also for the first time in the published lit- 
erature on the subject — the descriptive documentation of the al- 
terrations in the facial nerve, distinguishing cases ef essential 
bleepharospasm from those of hemifacial spasm so that the latter 
is pretty well established as a distinct medical entity. A third con- 
tribution in this same vein is by Ronald Apfelbaum, who elicits 
and evaluates the technique for microvascular decompression for 
hemifacial spasms. 


Nevertheless, there are some departures from previous stan- 
dards that are disagreeable. One such departure is some duplica- 
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tion of previously published material, disguised only by new in- 
troductions and slight rearrangements of data published earlier, 
Another departure from the previous svmposia publications is the 
interdisciplinarv orientation that goes bevond the practical neuro- 
surgical concerns of the otolary ngologist. Consequently, in cer- 
tain respects, the current publication is perhaps less useful for the 
specialist in otological surgery. Yet, for all that. it mav be said 
that the interdisciplinary breadth and depth are precisely those 
eiements needed to prevent the exclusive viewpoint of the narrow 
specialist. 


This book is an exciting and important new publication. It 
would be safe to sav that anyone who deals with otolaryngology 
and neurosurgery of the ear will find this work significant i in itself 

and an excellent reference source in the future. 


Dennis G. Pappas, MD 
Birmingham. Alabama 


Diseases of the Ears, Nose and Throat: A Guide to Diagnosis and 
Management 


Bv D. Thane Cody. Eugene B. Kern and Bruce W. Pearson. 
Hard cover, black and white illustrations. indexed, 476 
pages, 1981. Year Book Medical Publishers, Inc., Chicago. 


This book was written to aid the primary care physician in his 
efsort to diagnose and manage the many patients who consult him 
with otolarvngologic problems. To this end a unique departure 
[rom the usual format is used. Much stress is placed upon the pa- 
tients symptoms and physical findings, and a systematic differ- 
ential diagnostic method is presented which is most helpful in ar- 
riving at a definite diagnosis. Finally, management of each prob- 
lem is discussed. A number of tables are used for quick reference 
bv the physician to expedite the diagnostic and therapeutic tech- 
niques available. References are understandably few in number. 
for an amazing fund of information is included. and references 
are to be found in the standard texts. The illustrations are also few 
in number. but thev are clear and informative. 


The need for this book was most apparent, and the authors 
have risen to the challerge in admirable fashion. It is highly 
recommended for the primary care physician, but would be 
equally valuable for the medical student who is serving his/her 
clinical clerkship in otolaryngology. 


G. O. PROUD, MD 
Kansas City, Kansas 


INSTRUCTIONS TO AUTHORS 


Send manuscripts by first class mail to Editor Brian F. Mc- 
Cabe, MD, Department of Otolaryngology-Head and Neck 
Surgery, University of Iowa Hospitals, Iowa City, IA 
52242. Original manuscripts which deal with clinical and 
scientific aspects of otolaryngology, bronchoesophagolo- 
gy, head and neck, maxillofacial and plastic surgery, 
audiology, speech pathology and related specialties will be 
considered for publication. It is understood that manu- 
scripts submitted for review have not been published. 


Papers are scheduled for publication in the order of ac- 
ceptance; however, manuscripts received in improper 
form require longer production time which may delay 
publication. 


The following instructions are in accord with Uniform Re- 
quirements for Manuscripts Submitted to Biomedical 
Journals.* 


COPYRIGHT. In compliance with the Copyright Revi- 
sion Act of 1976, all manuscripts must be accompanied bv 
the following statement before they will be reviewed for 
publication: "In consideration of the Annals of Otology, 
Rhinology & Laryngology taking action in reviewing and 
editing my (our) submission the author(s) undersigned 
hereby transfer(s), assign(s) or otherwise convey(s) all 
copyright ownership to the Annals Publishing Company in 
the event such work is published in the Annals of Otology, 
Rhinology & Laryngology.” 


Written permission from both senior author and publisher 
must be provided to the Annals in order to republish 
materials copyrighted elsewhere. 


MANUSCRIPTS. Limit papers to a size that will make up 
to no more than six printed pages, figuring three double- 
spaced typewritten pages of text to one typeset page: see 
journal for estimating space required for references, illus- 
trations and tables. If a manuscript of slightly greater 
length is approved by the editor all typeset pages in excess 
of six will be charged to the author at the publisher's cost 
of $125 per page. Submit an original and two copies of the 
manuscript, typed on white bond paper with margins of at 
least 25mm (1 in), double-spaced throughout, including 
references, tables and legends. Begin each component on a 
new page in the following sequence: title page, abstract, 
text, acknowledgments, references, tables and legends. 
Number pages consecutively in the upper right corner, be- 
ginning with the title page. 


The author is responsible for all statements in the paper, as 
approved by the author on the copyedited galley proofs, 
and for the cost of authors’ alterations made after the 
paper is set in type. 


Title page must include 1) a concise but informative title, 
worded to facilitate indexing; 2) an abbreviated form of 
the title, to be used as a running head; 3) authors names 
and no more than two academic degrees; 4) departments) 
and institution(s) to which work should be attributed, not- 
ing authors' affiliations; 5) statement of grant or other sup- 
port; 6) name and address of author to whom reprint re- 
quests should be sent; and 7) name, address and telephone 
number of author handling correspondence and proofs. 


Abstracts should contain not more than 150 words and 
should state the purposes of the study, primary pro- 
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cedures, main findings and principal conclusions, em- 
phasizing new and important aspects of the investigation. 


References should be numbered consecutively in the order 
in which they are first mentioned, cited in the text in 
arabic numerals and may not exceed 30 in number. Use 
the style of references given in Uniform Requirements.* 
Include ia the reference list manuscripts accepted but not 
yet published; designate the journal followed by "in press" 
in parentheses. Manuscripts submitted but not yet ac- 
cepted should be referred to as "unpublished data" in 
parentheses in the text. Primary references only should be 
used and must be verified by the author(s) against the orig- 
inal documents. Examples of correct forms of references 
can be found in current issues of the Annals. 


Tables should be on separate sheets, numbered con- 
secutively, each headed by a concise title. Place ex- 
planatory matter in footnotes. Tables are adjuncts to the 
text and should not repeat material already presented. 
Limit the number of tables so that the relation between 
tables ar.d text preserves the balance found in the journal, 
ie, no more than four small or two large tables per typeset 
page. The cost of setting tables will be charged to the 
author. 


Illusirat:ons must be submitted in three complete sets, un- 
mounted. Only professional-quality glossy photographs 
and black and white line drawings are acceptable. Let- 
ters, numbers and symbols should be clear and even 
throughout, and of sufficient size that when reduced for 
publication, each item is still legible. Titles and detailed 
explanations of illustrations must be listed on a separate 
sheet. not on the illustrations themselves. Affix a label on 
the reverse of each illustration indicating figure number, 
authors names and top of the figure. For radiographs, 
photom:crographs, CT scans, etc, give indications for 
maximum cropping and reduction on an overlay or xerox 
copy. Cite each figure in the text in consecutive order. 
Written permission from subjects is required for identifi- 
able photographs of individuals. The cost of preparing il- 
lustrations for production is charged to the author. Color 
illustrations are acceptable for publication; cost estimates 
for color separations and printing will be provided upon 
request. 


ABBREVIATIONS, MEASUREMENTS AND NOMEN. 
CLATURE. Use standard abbreviations given in Uniform 
Requirements.* All measurements must be expressed in 
metric terms; if original measurements were made in 
another system, these may be included in parentheses. 
Audiograms must be plotted according to ISO standards. 
Generic names should be used whenever possible. 


SUPPLEMENTS. A manuscript too long for inclusion in 
the Annals may be published as a supplement if approved 
by the editor. All costs must be borne by the author; esti- 
mates of cost are provided upon request. Supplements 
have the advantages of separate identification and rapid 
pubiicazion. 


REPRINTS. Rates are quoted when proofs are sent. Or- 
ders must be signed bv the author and returned with the 
proots, 
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The Blom-Singer™ Tracheostoma Valve is designed to eliminate the 
need to manually close off the tracheostoma with a finger during 
speech production by laryngectomized persons who have undergone 
various types of surgical-fistula voice restoration procedures. The 
valve assembly (a) fits into a flexible circular housing (b) designed to be 
attached to the skin area surrounding the tracheostoma with non- 
irritating adhesive. When positioned over the tracheostoma the valve 
diaphragm (c) remains in a fully open position during quiet breathing 
and routine physical activity. For speech a slight increase in exhalation 
causes the valve diaphragm to close and divert air to the throat. The 
valve automatically reopens when exħalation decreases at the com- 
pletion of a single speech utterance. The arch shaped cross bar (d) 
prevents clothing from being drawn into the face plate of the valve 
assembly. 


For more information call or write: 
BIVONA SURGICAL INSTRUMENTS, INC. 
designed by: 5700 W. 23rd Avenue 
Eric D. Blom, PhD. Gary, Indiana 46406 
Mark I. Singer, M.D. U.S.A. 
LALE AET LLLE Lae LE LAFE (219) 989-9150 Telex 27-6107 





1983 IOWA HEAD AND NECK 
CANCER AND RECONSTRUCTIVE SURGERY COURSE 


June 6-10, 1983 


William Panje, MD, Course Director 


Fee: $1.000. 
Residents with letter from head of department will get a 50% reduction. 


Enrollment will be strictly limited. 
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JOINT CENTER FOR OTOLARYNGOLOGY 
Beth Israel Hospital — Brigham & Women's Hospital 
Harvard Medical School 
THE LARYNX — A SYMPOSIUM 
June 6-8, 1985 
Copley Plaza Hotel, Boston 


Course Director: Marvin P. Fried. MD 


This course is designed to update concepts and management in the broad range of larvngeal disorders 
from the most recent in basic physiology to the latest in treatment. Instruction will be via formal presen- 
tation, open question forums and detailed case analysis. 


FACULTY 

Beverly Blazar Stephen Pelton 
Leslie Botnick Raj Goval Ben Pilch 
Gilbert Brodsky Max Goldman Clarence Sasaki 

Blake Cady Gerald Healy Gary Schechter 
Christina Cann James Kelly Harold Schuknecht 
Roland Eavev Tevor McGill James Snow 
Thomas Ervin Samuel Meller Marshall Strome 
Richard Fabian Daniel Miller Frank Twarog 

Peter Feudo William Montgomery H. Richard Tyler 
Marvin Fried Eugene Myers Alfred Weber 
Ellen Friedman Louis Weinstein 


Fee: $325, Residents: $175 
Contact: Harvard Medical School, Dept. Continuing Education, Boston, MA 02115; (617) 732-1525. 
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Our decongestant family 
for congested families 


ANA. 
^ Sudafed S.A. | 


(pseudoephedrine hydrochloride 120 mg) 
SUSTAINED ACTION NASAL DECONGESTANT 


7712 HOUR kuer or 
NASAL CONGESTION... HELPS DECONGEST 


PR SINUS OPENINGS. SINUS PASSAGES 
Wellcome 10 CAPSULES 





Sudmed™ S.A. — — ACTION NASAL DECONGESTANT 


- — a À— À a ———— 
— -— M — —— —— woe 





Sudafed’ S.A. And remember the rest of the family. . . 

(pseudoephedrine HCI) 120 mg capsules Sudafed” 
Sustained action for potent 12-hour relief (pseudoephedrine js: 30 mg tablets 
Not recommended for chilaren under Sudafed” Syrup 
12 years of age (pseudoephedrine HCl), a tasty raspberry- 
Kucdlabia without Be] k flavored syrup containing 30 mg per 5 cc 

vailable without Rx in packages ® 
of 10s and 40s Sudafed" Cough Syrup 


(pseudoephedrine HCl) containing 30 mg per 5 cc 


Potent relief without drowsiness 


Burroughs Welicome Co. 
Research Triangle Park 
North Carolina 27709 


PR 


Wellcome 





In Allergic Rhinitis... 





Inflammation reduced- 
nasal passages cleared through safe, 
topically applied steroid control 





Dramatic Clinical Benefits Demonstrated 





Before Vancenase treatment After Vancenase Treatment 
Left nostril before VANCENASE Nasal Inhaler Left nostril after using VANCENASE Nasal Inhaler for 
treatment: eight weeks: 
See marked swelling of turbinate with partially Note marked reduction of turbinate size with 
obstructed airway, moderate amount of thin and improvement in nasal patency; minimal secretion, pink 
thickened secretions, red mucosa. (normal) mucosa. 

Case history and photograph courtesy of John T. Connell, M.D.. Englewood, New Jersey Dosage was two puffs in each nostril tid. There were no adverse side effects 


Consider 


ancenase. 
Nasal Inhaler 


heclomethasone 
dipropionate, USP 















Effective intranasal steroid control 
with proven safety and convenience 


8 Allows freer breathing by direct steroid control 
of inflamed/boggy nasal mucosa 


On intranasal application, VANCENASE "" (brand of beclomethasone dipropionate) provides effective 
steroid control of seasonal or perennial rhinris symptoms* to relieve congestion and permit freer 
breathing. Initial relief can be expected within a few days, with maximum improvement seen during the 
second week of therapy! 


8 Assures well-tolerated therapy with a minimum 
of side effects and no adrenal suppression" 


The automatic VANCENASE metered-dose aerosol unit assures accurate de ivery of safe, minimal 
quantities of drug for maximum effectiveness and maximum safety No amounts greater than the 
recommended dose are administered when simple directicns are followed thus precluding the possibility 
of adrenal suppression. 


= Easy to carry...easy to use 


The VANCENASE metered-dose aerosol is small and easy to carry, thus patients can follow your 
prescribing directions any time of day, in any location, with minimal inconvenience. The simple b.i.d. 
dosage promotes patient compliance assuring you that your patient's allergic rhinitis is properly controlled. 


eacgquart 


Please see Clinical Considerations section which follows... 







In Allergic Rhinitis 


-E n... i 
Nasal Inhaler 
heclomethason 

dipropionate, USP 


For Nasal Inhalation Only 
CLINICAL CONSIDERATIONS: 


INDICATIONS AND USAGE  /ANCENASE Nasa! Inhaler is indicated for the relief of 
the symptoms of seasonal or perennial rhinitis in Pond cases poorly responsive to 
conventiona treatment. 

Clinical studies have shown that improvement is usually apparent within a few days 
However, symptomatic relief may not occur in some patients for as long as two weeks 
Although systemic effects are minimal at recommended doses. VANCENASE should not 
be continued beyond three weeks in the absence of significant symptomatic improvement 
VANCENASE should not be used in the presence of untreated localized infection involving 


the nasal mucosa 


CONTRAINDICATIONS Hypersensitivity to any of the ingredients of this preparation 


contraindicates Its use 








WARNINGS The replacement of a systemic corticosteroid with VANCENASE Nasa 
Inhaler can be accompanied by signs of adrenal insufficiency 

When transferred to VANCENASE Nasal Inhaler. careful attention must be given tc 
patients previously treated for prolonged periods with systemic corticosteroids. This is 
particularly important in those patients who have associated asthma or other c à 
conditions, where iow rap ve à decrease in systemic corticosteroids may cause a severe 
exacerbation of tr pd sym S 

Studies have shown that the combined administration of alternate day prednisone 


Systemic treatment and orally inha ed beclomethasone 
suppression compared ti apeutic dose ol eith 
treatment should be sed. With Caut 
regimens for any disease 
PRECAUTIONS General: L During withdrawal from oral steroids, some patients may 


SAPO OV T e th dr ^ n n T PA els S3 25 ae T TAA 
experience symptoms of withd awa e.g., joint and. or muscular pain, lassitude, and 
depression 

uM! J 


Therefore. VANCENA 


n patients air eady on alternate day prednisone 


Co 


$ 
ncreased the likelihood of HPA 
C 


In clin Ica tudies with beclomethasone dipropionate administered intranasally, tne 
development me localized infections of the nose and pharynx with Candi da albicans has 
occurred € only rarely. When such an infection develops. it may require treatment with 


spnrodrialel e therapy or discontinuance of treatment with VANCENA SE Nasal Inhaler 

Beclomethasone dipropionate IS absorbe d into the cl rculation. Use of excessive doses 
of VANCENASE Nasal Inhaler may suppress HPA fu ction 
VANCEN ASE should be used with caution, if at all, ir | 





{ubercu nections ol the respiratory tract, or in untreatec d fungal, bacterial. systemic 
Vital infecti ons or ocular herpes simplex. 

Because of the inhibitory effect of corticosteroids on wound healing, patients who have 
experient ed dst nasa! Septal ulcers, nasal Surgery, or trauma SNOUIG noi USE a nasal 
corticosteroid unti! nealing nas OCC aq 

Althol WwW C n aff ric pf MINIMI ^ r IY d r ` 

ulUUUI! »syolulil CHELLIS vo | Hilal VV vuU Ide UU J Uu idi 
increases with excessive doses. Therefore, large ecommended doses should be 


avoided 


Information for Patients: Patents s saree se ki NCENASE Nasal Inhaler at regular 
intervals since its effectiveness lanes on its requ r use. The patient should take the 
medication as directed Itis T 10t acutely € eftective ar id th e prescr Ded dosage s should not be 
Increas aa tead. nasal vasoconstrictors or oral antin stamines may be needed until the 


r ^r í {nein A ^ "s mant 
are fully r NNESted Or e (0 (WO weeks may pass 


effects of VAI NCE! VASE Nasal Inhale 

before full relief is obtair red Te patient shou x: tact the doctor if symptoms do not 
Improve, or if the cor onditior worsens, or if sneez ng or nasal irritation occurs. For the 
proper use ol this unit and to attain maximum mp OVEN ent, the patient should read and 


follow the accompanying PATIE! VT S INSTRUCTION: VS carefully 


Carcinogenesis, Mutagenesis, Impairment of Fertility Treatment of rats for a 
otal of 95-weeks, 13 weeks by inhalation and 82 weeks by the oral r QUIE, | resulted in nO 
evidence of carcinogenic activity. Mutagenic studies have not been performed 
Impairment of fertility, as evi denced by inhibition of the ay us cycle in dogs. was 
observed following treatment by the oral route. No inhibition of the estrus cycle in dogs 
was seen following treatment w ith Dec er ains dipropionate by the inhalation route 


Pregnancy Category C: Like other corticoids, parenteral (subcutaneous) be- 
clomethasone dipropionate has been shown to be teratogenic and embryocida! in the 
mouse and rabbit when given in doses approximately ten times the human dose. In these 

studies beclomethasone was found to produce fetal resorption, cleft palate, agnathia 
nios mia, absence of tongue, delayed ossification, and agenesis of the thymus. No 


Schering Corporation 
Kenilworth, New Jersey 07033 





effects have been seen in the rat when beclomethasone 
en beclomethasone 


teratogenic or emb yor idal el 
diproz1onate was administered by inhalation at t ten times the human dose or orally at 1000 
mcs IRA E I i: 


e human dose. [here are no adequate and well- -contr ed Studies in pregnant 
won Beclomethasone dipropionate snou d be EM dur ng Iregnancy only if the 
potential benefit justifies the potential risk to the fet 


of mothers 
ly observed 
C 


tis not known whethe t beclomethasone dipropionate i 


Nonteratogenic Effects: Hypoadrena 
receiving corticosteroids during pregnanc 
Nursing Mothers: C 


an milk Bec ause other corticosteroids are excreted in human milk, caut 
) 


sm may occur in infants born 
y. ouch infants should be careful 


be exercised when n VANCE NASE Nasal Inhaler is administered to nursing wome 
bandi Salety and effectiveness in children below the age of 12 years have no 
en established 
ADVERSE REACTIONS In general, side effects in clinical studies have been primarily 
S j with the nasal mucous membranes. Adverse reactions reported in controlled 
als and long-term open studie ents treated with VANCENASE are 
Jescribed below 
sations of irritation and burning se (11 per 100 patients) following the use 
/ANCENASE Nasal Inhaler have been reported. A ccasional sneezing attacks 
0 patients) have occ ed immediately following the use c anasal inhale 
me infect f the nose and pharynx with Candida albicans have occurred 
à ip PRECAUTIONS 
“than 2 per 100 patients reported transient episodes of bloody discharge from the 
Ulceration of the nasal mucosa has b eer reported rarely SySIemic C corticosteroid side 


ommended doses are 
COT 


effects RETE | not Mi during the controlled clinical trials. lf r 
f S e. Sy mptoms ot hypercorti- 


rep 
exceeded, however or | Indiy iguals d e p US sen: 
cism, (€ , Cushings syndrome could o 


DOSAGE AND ADMINISTRATION Adults and Children 12 years of age and 
over: | Isual dosage is one inhalation (42 mcg) in each nostril two to four times a day 
total dose 168- 336 n "co day). Patients can often be maintained on a maximum dose of 
ne inha ation in each nostril three times a day (252 mcg; day) 

patients who respond to VANCENASE Nasal Inhaler 


an improvement of the 
ually becomes appare 
r 


nt within a few days 


symptoms of seasonal or perennial rhinitis us 
allt € start of VANCENASE Nasal Inhaler therapy 


c effects of corticosteroids, unlike those of decongestants are not 
edie s should be explained to the pat ent In a ce In OI rder by ensure 
coopera ion and continuation of treatment with the prescribed do sage regime 


ANCENASE Nasal Inhaler is not recomn naed | OF Cn! ide iai: W 12 sare à 
e presence of excessive nasal mucus secretion o iud a of the nasal mucosa, the 
Jrug fail to reach the site of intended action. In such cases it is advisable to use a 
saconstrictor during the first two to three jays ‘al VANCENASE Nasal Inhaler 
Ine Y 


Direction for Use: rated PATIENT 


package of VANCENASE Nasal Inhaler 


CONTENTS UNDER PRESSU RE Do not p unctu re. Do not use or store near heat or open 
r Hr r I 
A 


or 
O°F may cause bursti ng. Never throw container 
oí ch Idren 


INSTRUCTIONS for proper use accompany 


flame. Exi osure | to temperatures above 121 


to fire af inéinerator Keep oul i reacn 


OVERORSANE When 


C 

J 
Y! an adri " nnra««q nn m annoar ~ 
enai« eS SID ay A Cd WS 


ticoste ae Such as 


systemic cor rol 
ch symptoms appear, the dosage 


VW De vi 
should be jec reased 
The ors. LD... of beclomethasone dipropionate 
VANCENASE Nasal Inhaler contains 8.4 mg of b 
acute overdosage IS UNIIKely 


HOW SUPPLIED VANCENASE Nasal Inhaler. 16.8 g canister of one. Supplied 
With nasa adapter and PATIENT S INSTRUCTIONS; (NDC 0085- 0041 -04) 
Store between 2 and 30°C (36° and 86°F). 


Manufac:ured by Aerosol Techniques, Inc., Armstrong Laboratories Division, 
West Roxbury, MA 02123 for Schering Corporation, Kenilworth, N.J. 07033. 


For more complete details, consult package insert or Schering literature 
available from your Schering Representative or Professional Services De- 
partment, Schering Corporation, Kenilworth, New Jersey 07033. 


s greater than 1 g/kg One e TIS of 
clomethaso ne diD ropi ona therefore 
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7955-0780 


The Voice Foundation 


320 Park Avenue 


Department of 
New York, New York 10022 
(219) 688-1897 Oto | g ryngo | ogy 


TWELFTH SYMPOSIUM: M : 
CARE OF THE PROFESSIONAL VOICE Mount Sinai A 
School of Medicine 


to be held at Full-time position available for a Chief of 

THE JUILLIARD SCHOOL Ozology at the professorial rank. Posi- 
Lincoln Center tion offers excellent facilities including a 

New York City | complete audio-vestibular laboratory, 

the week of June 6-10, 1983 brainstem audiometry, a completely 





equipped otologic operating room, tem- 
poral bone laboratory, research labora- 
tories, post-graduate training program, 
and excellent auxiliary services in a 
highly academic environment. Contact 
Hugh F. Biller, MD, Department of Oto- 
laryngology, (212) 876-4425. 


The Mount Sinai 


Wilbur James Gould, MD and 2 "m 
Robert Thaver Sataloff, MD, Cochairmen School of Medicine 
| One Gustave L. Levy Place 


New York, NY 10029 
For further information, call or in BonabOb sorts dicilavst 
write The Voice Foundation 


in association with 
Teachers College at Columbia University 
New York Medical College 
and the 
Vocal Dynamics Laboratory of 
Lenox Hill Hospital 





ANNALS SUPPLEMENTS 


No. 91. Cochlear Implants: Progress and Perspectives. W. F. House, MD; K. I. Berliner, PhD; eds. 
124 pages — $12.50. 


No. 92. Fibrous Dysplasia: A Review of the Disease and Its Manifestations in the Temporal Bone. 
G. T. Nager, MD; D. W. Kernedy, MD; E. E. Kopstein, MD. 52 pages — $7.50. 


No. 95. Endotracheal Artificial Larynx. V. S. Dayal. MB, FRCS(C); M. L. G. Joy, PhD, PEng; 
R. E. Moon, MD, FRCP(C); A. Lo, BASc; A. Jares. 32 pages — $6.00. 


No. 99. Computed Tomography of the Neck. C. R. Mertinez, MD; H. Kashima, MD; B. W. Gayler, 
MD; S. S. Siegelman, MD. 32 pages — $6.00 


No. 100. First National Conference on Research Goals and Methods in Otolaryngology. Recommenda- 
tions of the Writing Groups. G. A. Gates, MD, Conference Chairman. 24 pages — $5.50. 


No. 101. High-Voltage Electron Microscopic Study of the Inner Ear. T. Takasaka, MD; H. Shinkawa, 
MD: S. Hashimoto, MD; K. Watanuki, MD; K. Kawamoto, MD. 12 pages — $3.50. 


No. 102. John Ralston Lindsay, MD: 1898-1981. E. E. Mhoon, Jr, MD; E. F. Lanzl, AM; eds. 36 
pages — $6.00. 


ANNALS PUBLISHING COMPANY 
4507 Laclede Avenue 
St. Louis, Missouri 63108 
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"HIST RELIEVES 
ANTT OLD SYMPTOM 
YOU CAN THINK OF! 


SNEEZING 
Runny Nose 
Watery Eyes 

Sinus Pain 


Nasal Congestion 
Coughs 
BLUS Congestion 


“C hest 


/ O N á AIC Nes ANT 
| ON at 
Treadache 





énaadds 
one more. 


Antihistamine overdrying. 





Most of the time those drying over- 
the-counter antihistamines don’t do 
much harm. And they re fine for the 
first day or two of a simple viral 
rhinitis—for most people. 

But in the patients you see 
week after week, self-medication for 
a cold could matter. 

A chronic sinusitis becomes 
painful as secretions accumulate. 
Coughs become nonproductive. 
And an asthma or COPD patient 
could find himself struggling ‘or air. 






those symptoms without 
undoing what you Ve tried 
to do for the patient. 
ENTEX® LA (phenylpro- 
panolamine HCI, 75 mg; 
guaifenesin, 400 mg). 

Because it gives pa- 
tients just what they need, not what 
they don t: decongestion and drain- 
age, not antihistamine drying and 
drowsiness. 

ENTEXLA produces a thin, 
free-flowing mucus that drains 
readily from decongested nasal pas- 
sages; that is readily expelled, not 
retained in bronchial passages. 

For antihistamine-free decon- 
gestion and drainage compatible 
with almost any respiratory regimen. 

To put treatment back in the 





But there is a way to relieve 


DESCRIPTION: 

Each blue, scored, long-acting tablet contains: 
Phenylpropanolamine hydrochloride ....... 75 mg 
EDIDI 5o peer an ger nee tia ses 400 mg 


in a special base to provide a prolonged therapeutic 
effect. 

ACTIONS: Phenylpropanolamine hydrochloride is an 
effective vasoconstrictor that decongests swollen 
mucous membranes ef the respiratory tract. The ex- 
pectorant guaifenesin enhances the flow of respira- 
tory tract fluid, promotes ciliary action and facilitates 
removal of viscous, mspissated mucus. As a result, 
sinus, bronchial, and Eustachian tube drainage is im- 
proved, and dry, nonproductive coughs become 
more productive and less frequent. 

INDICATIONS: ENTEX LA is indicated in respiratory 
conditions such as sinusitis, pharyngitis, bronchitis, 
and asthma, when these conditions are complicated 
by tenac:ous mucus and/or mucous plugs and conges- 
tion. ENTEX LA is also indicated as adjunctive ther- 
apy in serous otitis media and may be of value in 


hands where it belongs. Yours. 


bid ENtex LA 





PHENYLPROPANOLAMINE HCI, 75 MG 
GUAIFENESIN, 400 MG 


antihistamine-free 
decongestant... 


moisturizing expectorant 


avoiding secondary middle ear complications of na- 
sopharyngeal congestion accompanying rhinitis. 
CONTRAINDICATIONS: ENTEX LA is contraindi- 
cated in ind viduals with known hypersensitivity to 
sympathom.metics, severe hypertension, or in pa- 
tients receiving MAO inhibitors. 

USAGE IN FREGNANCY: Since the safety of ENTEX 
LA for use in pregnancy has not been established, po- 
tential benefits should be weighed against possible 
adverse effects. This product should not be used by 
nursing motaers. 

PRECAUTIONS: DO NOT CRUSH OR CHEW ENTEX 
LA TABLET5 BEFORE INGESTION. As with other 
sympathomimetic drugs, ENTEX LA should be used 
with cautior in the presence of hypertension, hyper- 
thyroidism, diabetes, heart diseasc, peripheral vas- 
cular disease, glaucoma, and prostatic hypertrophy. 
ADVERSE EEACTIONS: Possible adverse reactions 
include nervousness, insomnia, restlessness, or head- 
ache. These -eactions seldom, if ever, require discon- 


tinuation of therapy. Urinary retention may occur in 
patients with prostatic hypertrophy. 
OVERDOSAGE: Since the effects of ENTEX LA may 
last up to 12 hours, treatment of overdosage directed 
toward supporting the patient and reversing the ef- 
fects of the drug should be continued for at least that 
length of time. Saline cathartics may be useful in has- 
tening the evacuation of unreleased medication. 
DOSAGE: Adults and children over 12—one tablet 
twice daily (every 12 hours). Not recommended for 
children under 12 years of age. Tablets may be broken 
in half for ease of administration without affecting re- 
lease of medication but not crushed or chewed. 
HOW SUPPLIED: NDC 0149-0436-01 bottles of 100 
tablets. 

CAUTION: Federal law prohibits dispensing without 
prescription. (43601-P2) 


Norwich Eaton Pharmaceuticals,inc. 
Norwich, New York 13815 


POSITION AVAILABLE 
OTOLARYNGOLOGIST 


Sixteen physician multispecialty and 
family physician group in southern 
Wisconsin is seeking a board eligible 
otolaryngologist. Excellent practice op- 
portunity and very competitive start- 
ing salary and benefits. Eligible to be- 
come full shareholder after one year. 
Easy access to metropolitan areas of 
Milwaukee and Madison, Wisconsin. 


Please send CV or call: 
M. J. Rietbrock, MD, President 
Wilkinson Clinic 
915 East Summit Avenue 


Oconomowoc, Wisconsin 53066 
(414) 569-2300 


POSITION 
AVAILABLE 


OTOLARYNGOLOGIST 


Join a progressive multispecialty group of 
40+ physicians. Pleasant, growing communi- 
ty; many outdoor recreational opportunities; 
high qualitv of life. Referral area: 150,000. 
Liberal financial benefits. 


Send curriculum vitae to: 
L. C. Smith, MD 
101 Willmar Avenue 
Willmar, MN 56201 
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LIQUID 


The Future of Microscope Technology 


Richards new Practitioner || 
Microscope features a revolutionary 
solution to fiberoptic problems — 
liquid light optics. By conducting light 
through a liquid medium rather 
than breakable glass fibers — which 
contain a darkened dead area—a 
significantly brighter light is obtained. 
This longer lasting Liquid Light 
Guide is up to 4 times brighter than 
many other microscopes. 


An additional feature of the 
Practitioner II is the improved Optical 


Prism Assembly which, when used 
with the Liquid Light Guide; can 
increase the area of illumination up 
to 18676. 


Other features include an im- 
proved Column, Base and Swing 
Arm, and two 12.5x Locking Diopter 
Eyepieces. These elements eom- 
bine tc make the Practitioner Ill one 
of the most advanced systems in 
microscope technology. 


oee for yourself. Contact your 
local Richards representative for 


detailed information about Hichards 
new Practitioner || Microscope with 
Liquid Light Guide and a FREE 

45 DAY TRIAL. 


6 Nin ^ nel ne - "sm 

Richards Mecical Company 

1450 Brooks Road Memphis, TN 3811 
Call Toll F 


Free: 1-800-238-7538 (In TN, 1 


MICROSURGERY 





CORTISPORI ON 
Solution/Suspension — 


STERILE (POLYMYXIN B- 
NEOMYCIN-HYDROCORTISONE) 


“In 159 of 163 clinically evaluated patients, 
the otic preparation (solution or suspension) 
was rated clinically effective, giving a clinical 
effectiveness for acute diffuse external otitis 
of 97.5%? (Emphasis added.) 


EFFICACY RATES FOR OTIC 
SUSPENSION AND OTIC SOLUTION (COMBINED 
RESULTS FROM 4-CENTER STUDY) 








Clinical Efficacy 

Suspension 

Total ears 93 

Responders 9] (97.8%) 
Solution 

Total ears — 107 

Responders 104 (97.2%) 
Combined suspension 
and solution 

Total ears 200 

Responders 195 (97.5%) 


Adapted from Cassisi et al.! 


REFERENCE: s 

l. Cassisi N, Cohn A, Davidson T, et al: Diffuse otitis externa: Clinical 
and microbiologic findings in the course of a multicenter study ona : 
new otic solution. Ann Otol Rhinol Laryngol 86(suppl 39, pt 3):1-16, 
1977. 


Cortisporin" Otic Suspension Sterile (Polymyxin B-Neomycin-Hydrocortisone) 
Description: Each cc contains: 

Aerosporin" (Polymyxin B Sulfate) 10,000 units. Neomycin sulfate (equivalent to 
3.5 mg neomycin base) 5 mg. Hydrocortisone 10 mg (196). 

The vehicle contains the inactive ingredients cetyl alcohol, propylene glycol, 
polysorbate 80, water for injection and thimerosal (preservative) 0.0196. 
Indications: For the treatment of superficial bacterial infections of the external 
auditory canal caused by organisms susceptible to the action of the antibiotics, 
and for the treatment of infections of mastoidectomy and fenestration cavities " 
caused by organisms susceptible to the antibiotics. / 





Precautions: This drug should be used with care in cases of perforated eardrum 
and in long-standing cases of chronic otitis media because of the possibility of 
ototoxicity caused by neomycin. 
Cortisporin” Otic Solution Sterile (Polymyxin B-Neomycin-Hydrocortisone) 
Description: Each cc contains 
Aerosporin* (Polymyxin B Sulfate) 10,000 units. Neomycin sulfate (equivalent to 
3.5 mg neomycin base) 5 mg. Hydrocortisone 10 mg (196) 

The vehicle contains the inactive ingredients cupric sulfate, glycerin, hydrochloric acid, propylene 
glycol, water for injection and potassium metabisulfite (preservative) 0.1%. 
Indications: For the treatment of superficial bacterial infections of the external auditory canal 
caused by organisms susceptible to the action of the antibiotics 
Precautions: This drug should be used with care when the integrity of the tympanic membrane 
is in question because of the possibility of ototoxicity caused by neomycin 
Adverse Reactions: Stinging and burning have been reported when this drug has gained access 
to the middle ear. 
Contraindications, Warnings, Precautions and Adverse Reactions Common to Both 
Products 
Contraindications: These products are contraindicated in those individuals who have shown 
hypersensitivity to any of the components, and in herpes simplex, vaccinia and varicella. 










Warnings: As with other antibiotic preparations, prolonged treatment may result 
in overgrowth of nonsusceptible organisms and fungi. If the infection is not improved 
after one week, cultures and susceptibility tests should be repeated to verify the 
identity of the organism and to determine whether therapy should be changed. 
When using neomycin-containing products to control secondary infection in the 
chronic dermatoses, such as chronic otitis externa, it should be borne in mind that 
the skin in these conditions is more liable than is normal skin to become sensitized 
to many substances, including neomycin. The manifestation of sensitization to 
neomycin is usually a low grade reddening with swelling, dry scaling and itching; it 
may be manifest simply as a failure to heal. During long-term use of neomycin- 
À containing products, periodic examination for such signs is advisable and the patient 
E should be told to discontinue the product if they are observed. These symptoms 
y regress quickly on withdrawing the medication. Neomycin-containing applications 
i should be avoided for that patient thereafter 
Precautions: |f sensitization or irritation occurs, medication should be discontinued 
promptly. Patients who prefer to warm the medication before using should be cautioned against 
heating the solution above body temperature, in order to avoid loss of potency 
Treatment should not be continued for longer than ten days. Allergic cross-reactions may occur 
which could prevent the use of any or all of the following antibiotics for the treatment of future 
infections: kanamycin, paromomycin, streptomycin, and possibly gentamicin. 
Adverse Reactions: Neomycin is a not uncommon cutaneous sensitizer. There are articles 
in the current literature that indicate an increase in the prevalence of persons sensitive to neomycin 
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In Otitis Externa 
the only otic drop that works 
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with neomycin and hydrocortisone 


(colistin sulfate-neomycin sulfate—thonzonium bromide—hydrocortisone acetate otic suspension) 


The Antiinfective 
Dimension. 


Colistin sulfate and neomycin sulfate, 
together, offer broad-spectrum 
antibacterial effectiveness against 
most pathogens associated with 
otitis externa...especially against 
Pseudomonas aeruginosa...the 
organism implicated in 7 out of 1O 
Such cases. 


The 
Antiinflammatory 
Dimension. 


Hydrocortisone acetate provides relief 
of pain, reduction of swelling and 
inflammation. 

Please see opposite paqe for brief summary of 
prescribing information 

PD-0O5-JA-1510-P-1 (2/83) 


The Dispersion P. 


* 
Dimension. 
Thonzonium bromide allows more 
efficient penetration and dispersion of | 
active ingredients through the cellular M Cn ah, 


debris to the site of infection. d 


Coly-Mycin Otic comes in a preferred ERE 
aqueous suspension- buffered to pH fe 
5 to help restore the normal acid 3 
condition of the outer ear. 
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Recommended Dosage: 
Adults 

4 drops in each affected ear, 5-4 
times a day. 
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Available in two sizes—5 ml and 

10 ml—each in a convenient shatterproof 
Infants and Children bottle with built-in dropper. 
5 drops in each affected ear, 5-4 


PARKE-DAVIS 
times a day. 


Div of Warner-L ambert Co / Morris Plains. NJ 07950 


P 


Coly-Mycins S Otic 
with Neomycin and Hydrocortisone 


(colistin sulfate--neomycin sulfate—thonzonium 
bromide—hydrocortisone acetate otic suspension) 


Betore prescribing, please see full prescribing information. 
A Brief nn choos d i 


INDICATIONS AND USAGE 


For the treatment of superficial bacterial infections 
of the external auditory canal, caused by 
organisms susceptible to the action of the 
antibiotics; and for the treatment of infections of 
mastoidectomy and fenestration cavities, caused 
by organisms sesceptible to the antibiotics. 


CONTRAINDICATIONS 


This product is contraindicated in those individuals 
who:have shown hypersensitivity to any of its 
components, and in herpes simplex, vaccinia and 
varicella. 


WARNINGS 


As with other artibiotic preparations, prolonged 
treatment may result in overgrowth of non- 
susceptible organisms and fungi. 


If the infection is not improved after one week, 
cultures and susceptibility tests should be 
repeated to verify the identity of the organism and 
to determine whether therapy should be changed. 


Patients who pr to warm the medication before 
using should be cautioned against heating the 
solution above body temperature, in order to avoid 
loss of potency. 


PRECAUTIONS 
General 


if sensitization cr irritation occurs, medication 
should be discontinued promptly. 


This drug should be used with care in cases of 
perforated ear Crum and in longstanding cases of 
chronic otitis media because of the possibility of 
ototoxicity caused by neomycin. 


Treatment should not be continued for longer than 
ten Gays. 


Allergic cross-reactions may occur which could 
prevent the use of any or all of the following 
antibiotics for the treatment of future infections: 
kanamycin, parcmomycin, streptomycin, and 
possibly gentamicin. 


ADVERSE REACTIONS 


Neomycin is a not uncommon cutaneous 
sensitizer. There are articles in the current 
literature that indicate an increase in the 
prevalence of persons sensitive to neomycin. 


DOSAGE AND ADMINISTRATION 


The external auditory canal should be thoroughly 
cleansed and dried with a sterile cotton applicator. 


For adults, 4 drops of the suspension should be 
instilled into the affected ear 3 or 4 times daily. For 
infants and children, 3 drops are Suggested 
because of the smaller capacity of the ear canal. 


The patient should lie with the affected ear upward 
and then the draps should be instilled. This 
position should be maintained for 5 minutes to 
facilitate penetration of the drops into the ear 
canal. Repeat, if necessary, for the opposite ear. 


if preferred, a cctton wick may be inserted into the 
canal and then the cotton may be saturated with 
the solution. This wick should be kept moist by 
adding further selution every 4 hours. The wick 
should be replaced at least once every 24 hours. 


HOW SUPPLIED 

Coly-Mycin S Otic is supplied as: 
N 0071-3141-08—5 mi bottle 

N 0071-3141-10—10 mi bottle 


Each.ml contains: Colistin sulfate equivalent to 

3 mg of colistin base, Neomycin sulfate equivalent 
to 3.3 HE Me ipd base, Hydrocortisone acetate 
10 mg (196), Thonzonium bromide 0.5 mg (0.05%), 
and Polysorbate 80 ir an aqueous vehicle buffered 
with acetic acid and sodium acetate. Thimerosal 
(mercury derivative) 0.00296 added as a 
preservative. 

Shake well before using. 

Store at controlled room temperature 59°-86°F 
(15°-30°C). Stable for 18 months at room 
temperature; proionged exposure to higher 
temperatures should 5e avoided. 


PARKE-DAVIS 2a 
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=- Blom-Singer’ 
Tracheostoma Valve* 


The Blom-Singer™ Tracheostoma Valve is designed to eliminate the 
need to manually close off the tracheostoma with a finger during 
speech production by laryngectomized persons who have undergone 
various types of surgicalfistula voice restoration procedures. The 
valve assembly (a) fits into a flexible circular housing (b) designed to be 
attached to the skin area surrounding the tracheostoma with non- 
irritating adhesive. When positioned over the tracheostoma the valve 
diaphragm (c) remains in a fully open position during quiet breathing 
and routine physical activity. For speech a slight increase in exhalation 
causes the valve diaphragm to close and divert air to the throat. The 
valve automatically reopens when exhalation decreases at the com- 
pletion of a single speech utterance. The arch shaped cross bar (d) 
prevents clothing from being drawn into the face plate of the valve 
assembly. 


For more information call or write: 
BIVONA SURGICAL INSTRUMENTS, INC. 
designed by: 5700 W. 23rd Avenue 
Eric D. Blom, PhD. Gary, Indiana 46406 
Mark |. Singer, M.D. U.S.A. 
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a prescription. 


For the past 8 years' 
you have made 
Actifed tablets the 
leading prescription 
for colds. 


JZ 


J 


eX agog ARS 


non woua (MEIN! 
jon oMonmit 


uror d 


SN 


MVO 
oM omo Woot 
(domiti het mujun 

widi 


E 


nass 


e Ms I 


ECC 'urwiMareint 
Po M" t 
i y 


WORT o 


OEE ha 
none 
ut 


EST 
t, ANTIMISTAMINÉ 


—— 


So with continued 
confidence, please 
recommend 


AC TIFED 


nasal decongestant/antihistamine 
B h il ; 
Ax Research rub Tablets/Sy rup 


Wellcome | North Carolina 27709 l. National Prescription Audit, 1974-1981. 





ANNALS OF OTOLOGY, RHINOLOGY & LARYNGOLOGY 


ANNALS OF HEAD & NECK MEDICINE & SURGERY 





VOLUME 92 MAY-JUNE 1985 NUMBER 3 
CONTENTS 
PART] - 
Functional Neck Dissection. Anatomical Grounds, Surgical Technique, Clinical Observations. 

C. V. Calearo, MD; G. Teatini, MD ............0...0-....06. eta ahaa, a sesh E a ences HER 915 
Perception of Sound Through Direct Oscillatior of the Stapes Using a Piezoelectric Ceramic Bimorph. 

N. Yanagihara, MD; K. Gyo, MD: K. Suzuxi, MSc; H. Arare Ae us aea e i ee a En DEEANN 223 
Esophageal Dysfunction in Patients with Contast Ulcer of the Larynx. L Öhman, MD; J. Olofsson, MD: 

L. tibbling MD; GC Ericson; MD «idm enm e tirn CI a te A a ea Ree AE Ea iege quid 298 
Experimental Study of Velocity Fields in a Human Nasal Fossa by Laser Anemometry. M. Girardin, PEng, MScA; 

E. Bilgen, PEng, PhD; P. Arbour, MD, FRCS(C) «6026s nne Uae ees 231 
Auditory Function in Children with Diabetes Mellitus. A. Sieger, MS; N. H. White, MD; M. W. Skinner, PhD: 

Q Lh Spedor MD riino ann eg bande heen Is Rae hae tuas ita uices Se aoe 237 
Basophilic Deposits in the Stria Vascularis. A Cliaicopathological Update. G. M. Zaytoun, NID REPE 242 
Auditory Brainstem Responses in Children with Early Recurrent Micdle zar Disease. R. C. Folsom, PhD; 

B. A. Weber, PhD; G. Thompson, PhD .... 1.60... 6 ee hme heran 949 
Frozen-Section Autoradiography of the Cochlea: Evidence for Differential Distribution of Amino Acids. 

G. K. Martin, PhD: R. P. Wise: B. L. Lonsoury-Martin, PhD -. 200.2. 4 254 


Topographic Arrangement of Motoneurons Innervating the Suprahycic and Infrahyoid Muscles. A Horseradish 
Peroxidase Study in Cats. Y. Yoshida, MD; T. Miyazaki, MD: M. Hirano, MD: T. Shin, MD: T. Kanaseki, MD ..259 


Type II Collagen-Induced Autoimmune Sensorineural Hearing Loss and Vestibular Dysfunction in Rats. 
T. J. Yoo, MD, PhD; K. Tomoda, MD; J. M. Stuart, MD: M. A. ‘Cremer, MD; A. S. Townes, MD: 


Ae Vink Cumbres a een Me cap Oe es 267 
Hearing Loss after Hemophilus Influenzae Men-ngitis. Follow-Up Study with Auditory Brainstem Potentials. 

O. Muñoz, MD; L. Benitez-Diaz, MD; M. C. Martinez, MD; H. Cuissafre, MD. ong ova ce Mendes eR RI s D2 
Frequency Selectivity and Temporal Processing in Friedreich s Ataxiz. Clinical Aspects in Two Patients. 

A. T. Cacace, MS; S. Satva-Murti, MD; C. T. Grimes, PhD .. <.. se e nn 276 
Laser Vidian Neurectomy. J. D. Williams, MD... 0.20620 e he meten 281 
Thymopharvngeal Duct Cyst: A Form of Cervical Thymus. R. J. Zarba. MD, DMD; 

K. D. McClatchey, MD, DDS; R. C. Areen. MD; S. B. Raker Mu. cadi tasa sans a eer aded bn gs 284 
Primary Squamous Cell Carcinoma of the Middle Ear Invading the €echlea. A Histopathological Case Report. 

F. Hiraide, MD; T. Inouye, MD; T. Ishii, MD... f nn n 200 
Secretory Immune Response in Patients with Oropharyngeal Carcinoma. T. Watanabe, MD; J. D. Iglehart, MD; 

D. P. Bolognese PhD eroriren der Sorten ipai tenias CH eed taa an Mey RRS Epi nate der dette A Pide 205 
Middle Ear Disorders in Patients with Alpha,-Artitrypsin Deficiency. B. Carlsson, MD ...... see 300 
Gas Absorption in Serous Otitis. A Clinical Aspeet. S. Gimsing, MD... 0 n 6 305 
X-Ray Study of the Month. Metastatic Carcinoraa of the T hyroid to the Sphenoid Sinus. C. Chang, MD; 

A. Weber; MD: A. Pappanikou, MD. 2.2.00 sos. exact ee ey eee eee es es Ue PER Me OU hdc MN Rs e 309 
Pathology Consultation. Plasma Cell Tumors of the Head and Neck. J. G. Batsakis, MD ...... sese 3ll 
Abstracts from the Annals of Internal Medicine |... tne 314 
Joseph i Ogura, 19151083: ne lactotéet e ena Eeey (uS eda pedis a Va E Choe sie A et aie eee 315 
Book Hovieus-cus cett dd eu ener ideis es udis bs iiu id utri RS edod dta SUR ee OTA ER ese 316 
Letero the EUIEOE Ls oer eas EE ES r deeds tb owes ciae Fa de depen nios pef apes ee hn ee bons a iat hid 316 
Instructions to AutlloIS «eese eer X S ere ete Sp andinde act wah peint dedic aes ee uet et 22a 
Index to. AdUertise lS ot pion a es Ead soie zem Sens ate ad un auus bok it ir eet dnb dst et 26a 

PART 2 


Effects of Hyperosmolar Solutions on the Labyrinthine Fluid Pressures. L Effects of Glycerol and Urea Tests. 
Il. Effects of Mannitol Tests. B. I. R. Carlberg, MD, PhD: J. C. Farmer, fr, MD............---.. Supplement 104 


oa 


AMERICAN RHINOLOGIC SOCIETY 


THE COTTLE PRIMARY AND 
SECONDARY COURSE 
RHINOLOGIC SURGERY AND 
CLINICAL RHINOMANOMETRY 


Based on the Dr. Maurice H. Cottle Technique 
University of Missouri School of Dentistry 
Kansas Citv, Missouri 
August 19-24, 1983 


This practical course is designed to introduce the basic 
philosophy of the late Dr. Maurice H. Cottle, and will in- 
clude exhibits, lectures, TV surgerv, and cadaver dissec- 
tion by members and guests of the American Rhinologic 
Society. Special attention is given to the physiological con- 
cepts of diagnosis and surgical treatment for nasal ard sep- 
tal deformities. Clinical office rhinornanometry will be 
presented in lecture, and practical application will be 
demonstrated. 

Registration fee: Physicians — $600 
Residents — $300 

Through the Dr. Maurice H. Cottle Education asd Re- 

search Fund a few part and full pay tuitions are available. 


Contact: P. A. Barelli, MD, Course Director, 2929 Balti- 
more, Suite 105, Kansas City, MO 64108: (816) 561.4423. 


EAR, NOSE AND THROAT DISEASES 
IN CHILDREN: A 1983 UPDATE 


December 10-14, 1983 
The Breakers 
Palm Beach, Florida 


The 10th annual University of Pittsburgh Sym- 
posium on Ear, Nose and Throat Diseases in Chil- 
dren: A 1983 Update will include the most recent 
results of the Pittsburgh and Boston studies of ear 
and sinus disease, tonsillectomy, and adenoid- 
ectomy. 


Otolaryngologists, pediatricians, and other health 
care professionals — update your knowledge 
through scientific presentations by the University of 
Pittsburgh School of Medicine faculty and invited 
speakers, small-group workshops, and informal 
discussions. (Simultaneous translation in Spanish 
available.) 


Course Codirectors: Charles D. Bluestone, MD, 
Jack L. Paradise, MD, and Sylvan E. Stool, MD. 


For futher information contact: Dept. of Oto- 
laryngology, Children's Hospital of Pittsburgh, 125 
De Soto St, Pittsburgh, PA 15213: (412) 647-5466. 


Category | — AMA Credit 


Alo AITO 





Politzer Society Conference 
SURGERY OF THE TEMPORAL BONE 


September 11-17, 1983 
Montreux, Switzerland 


The scientific program will include presertations on temporal bone fractures, disorders of Eustachian tube func- 
tion, functional repair of sound conductive system, chronic middle ear disease. tumors of the temporal bone, use of 
the laser in surgerv of the temporal bone, immunology in tympanoplasty. heterologous grafting. experiences with 
gluing and ceramics, and artificial stimulation of the auditory system, 


A preliminary list of lecturers includes: W. Arnold, Switzerland: D.F. Austin, USA: P.I. Banfai. Germanv; K. 
Burian, Austria: U.K.R. Charachon, France: C.H. Chouard, France: H. Diamant. Sweden: H. Fisch, Switzerland; 
J. Helms, Germany; J. Holmquist, Sweden: C. Jako, USA; C.W. Jansen. Germany; E. Kastenbauer, Germany: S. 
Kubik, Switzerland: E. Marres, Holland: J. Marquet, Belgium: T. McGee. USA: A. Miehlke. Germany: C.R. Pfaltz. 
Switzerland; D. Plester, Germany: M. Portmann, France: J. Pulec, USA: J. Sadé, Israel; J. Shea, USA; G.D.L. 
Smyth, Northern Ireland: M.F.W. Smith, USA: Jean-Marc Sterkers, France: A. Sultan. France: J. Thoma, Ger- 
many; J. Veldman, Holland: M.E. Wigand, Germany; R.]. Wiet, USA; S. Wullstein, Germany; F. Wustrow, Ger- 
many and C. Zini, Italy. | 


Tuition fee: 600 Swiss Francs ($290) Payable in Swiss currency. 


Tuition fee includes coffee breaks, lunch at Eurotel. reception at Hotel Eden, night boat tour to France with 
dinner party. visit of Chillon Castle, classical ^belle époque" train tour with lunch to Cháteau d'Oeux and Gruveres 
and a farewell dinner party at a famous mountain farmhouse. 


Excellent hotel accommodations available from 70 Swiss Francs ($35) to 185 Swiss Francs($90). 
Registration deadline: August 15, 1983. 


For application and further details of the program contact: Dr. C. W. Jansen, Conference Secretarv, Winter- 
beckestrasse 11, 5270 Gummersback, West Germany. 


For hotel reservations and travel arrangements contact: William Muller. Steinenvorstadt 33, CH-4002 Basle, 
Switzerland. A169 
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One of its most im ressive features 


va 
E 


is. 


small suggestic tior 
technology. "S | 
Before you select a microprocessor- 
based audiometer, look at the reputa- 
tion of the people who build it. 
| For example, ask audiologists and 
| otologists about Grason- Stadler audio- 
meters. For years, we've built instruments 
with great diagnostic capability and 
unfailing reliability. 

The GSI 10 microprocessor-based 
audiometer is our latest and most 
powerful. 





ITS A COMPLETE 
DIAGNOSTIC 
LABORATORY 


The GSI 10 offers 
all of the capability of 
our 1701 and a whole 
lot more. Here's just 
| a few of its new 
| functions. 

* Automated Hughson-Westlake 
procedure. 
e Masking Level Difference (MLD). 

Tone and masking intensity tracking. 

- Dual frequency for MLB tests. 








ward an reverse Be kesy bit 
| tinL LOT 

A running timer for tore decay 

testing. 

- Phone/speaker selection for 
heasing aid evaluation in asound 
field 

e Auxiliary intercom for test room 
assistant 
There's more. Get our GSO bro- 

chure ‘or a complete listing. 





IT'S EASY TC USE. 


Warch you patient 
and let your fingers 
do the walikir3. 
Frequancy, irtensity, 
present stimulus and 
other 'test execute" 
knobs and bailt-in 
deteni, you czn even 
increase stimulus 
intensity withcut looking at the HL 
dial. 

And should you ever need to look, 
frequency and intensity LED cisolay 
are at the top of the instrument, right 
at eye level. 











is the Grason- stadler label, - 





IT'LL KEEP GOING. 


Time is money. 

When an audiometer breaks down, 
patient scheduling backs up. Expensive | 
personnel are left sitting around. A busy 
clinic needs its audiometer on line 
|| every day. 

With Grason-Stadler, you never 


need to worry. Our audiometers have 
a reputation for being dependable and 
trouble-free. 

Ask our customers. 


THERE'S 33 SERVICE CENTERS 
NATION-WIDE. 


The GSI 10 features modular 
(PC board) construction and an easy 
troubleshooting routine. Should your 
GSI 10 microprocessor-based audiom- 
eter fail, we can have it back in 
operation within 48 hours. 


CALL FOR A FREE DEMONSTRATION. 


See the GSI 10 for yourself. For a 
demonstration, contact Grason-Stadler, 
Inc., 537 Great Road, Littleton, MA 01460, 
| (617) 486-3514. 





Grason-Stadler, Inc. 
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Avoid drowsiness 
with site-targeted therapy 


A valuable alternative 
when conventional therapy fails 


Spares patients the CNS Provides a solution to 
effects of antihistamines rebound congestion 
VANCENASE™ offers an attractive VANCENASE avoics this trouble- 
alternative to antihistamines when some problem esscciated with 
drowsiness compromises thera- the use of topical and oral 
peutic results in seasonal or decongestants. 

perennial rhinitis. Because it ACtS peace see next page fer biel 

directly on the nasal mucosa and summary of prescribing 

exhibits no central action, inc 

VANCENASE does not affect 

menta! alertness. 


Does not impair adrenal 
function at therapeutic 
dosages 

In clinical studies using beclometr- 
asone dipropionate intranasally, 
there was no evidence of adrenal 
insufficiency. 


Copyrght © 1983, Schering Ce porauon. All nights reserved. 1459-8404 





When antihistamines make 
rhinitis patients drowsy — 








For Nasal Inhalation Only 
CLINICAL CONSIDERATIONS 


INDICATIONS AND USAGE: VANCENASE 
Nasal Inhaler is indicated for the relief of the 
symptoms of seasonal or perennial rhinitis in those 
Cases poorly responsive to conventional treatment 

Clinical studies have shown that improvement is 
usuaily apparent within a few days. However, 
symptomatic relief may not occur in some patents for 
as long as two weeks. Although systemic effects are 
minimal at recommended doses, VANCENASE should 
not be continued beyond three weeks in the absence 
of significant symptomatic improvement. 
VANCENASE should not be used in the presence of 
untreated localized infection involving the nasal 
mucosa 
CONTRAINDICATIONS = Hypersensitivity to any 
of the ingredients of this preparation contraindicates 
ItS use 
WARNINGS The replacement of a systemic 
corticosteroid with VANCENASE Nasal Inhaler can be 
accompanied by signs of adrenal insufficiency 

When transferred to VANCENASE Nasal Inhaler, 
careful attention must be given to patients previously 
treated for prolonged periods with systemic 
corticosteroids. This is particularly important in those 
patients who have associated asthma or other clinical 
conditions, where too rapid a decrease in systemic 
corticosteroids may cause a severe exacerbation of 
their symptoms. 

Studies have shown that the combined 
administration of alternate day prednisone systemic 
treatment and orally inhaled beclomethasone 
increased the likelihood of HPA suppression 
compared to a therapeutic dose of either one alone 
Therefore, VANCENASE treatment should be used 
with caution in patients already on alternate day 
prednisone regimens for any disease 
PRECAUTIONS General: During withdrawal 
from oral steroids, some patients may experience 
symptoms of withdrawal, e.g., joint and/or muscular 
pain, lassitude, and depression. 

In clinical studies with beclomethasone 
dipropionate administered intranasally, the 
development of localized infections of the nose and 
pharynx with Candida albicans has occurred only 
rarely. When such an infection develops, it may 
require treatment with appropriate local therapy or 
discontinuance of treatment with VANCENASE Nasal 
Inhaler. 

Beclomethasone dipropionate is absorbed into the 
circulation. Use of excessive doses of VANCENASE 
Nasal Inhaler may suppress HPA function 

VANCENASE should be used with caution, if at all, 
IN patients with active or quiescent tuberculous 
infections of the respiratory tract, or in untreated 
fungal, bacterial, systemic viral infections, or ocular 
herpes simplex 

Because of the inhibitory effect of corticosteroids on 
wound healing, patients who have experienced 
recent nasal septal ulcers, nasal surgery, or trauma 
should not use a nasal corticosteroid until healing has 
Occurred 


VANCE 


Although systemic effects have been 
minimal with recommended doses, 

this potential increases with excessive 
doses. Therezore, larger than recommended doses 
should be avoided 
Informaticn for Patients: Patients should use 
VANCENASE Nasal Inhaler at regular intervals since its 
effectivenessadepends on its regular use. The patient 
should take t»e medication as directed. It is not 
acutely effecave and the prescribed dosage should 
not be increesed. Instead, nasal vasoconstrictors or 
oral antihistamines may be needed until the effects of 
VANCENASE Nasal Inhaler are fully manifested. One 
to two week . may pass before full relief is obtained 
The patient sould contact the doctor if symptoms do 
not improve, or if the condition worsens, or if 
sneezing or r asal irritation occurs. For the proper use 
of this unit amd to attain maximum improvement, the 
patient shou J read and follow the accompanying 
PATIENT'S INSTRUCTIONS carefully 
Carcinoge esis, Mutagenesis, Impairment 
of Fertility: Treatment of rats for a total of 95- 
weeks, 13 weeks by inhalation and 82 weeks by the 
oral route, re ulted in no evidence of carcinogenic 
activity Mutagenic studies have not been performed 

Impairmer t of fertility as evidenced by inhibition of 

the estrus cyele in dogs, was observed following 
treatment bythe oral route. No inhibition of the estrus 
Cycle in dogs was seen following treatment with 
beclomethasone dipropionate by the inhalation route 
Pregnancy Category C: Like other corticoids, 
parenteral (Subcutaneous) beclomethasone 
dipropionate has been shown to be teratogenic and 
embryocidal in the mouse and rabbit when given in 
doses approzimately ten times the human dose. In 
these studies beclomethasone was found to produce 
fetal resorption, cleft palate, agnathia, microstomia, 
absence of tengue, delayed ossification, and agenesis 
of the thymus. No teratogenic or embryocidal effects 
have been seen in the rat when beclomethasone 
dipropionate was administered by inhalation at ten 
times the human dose or orally at 1000 times the 
human dose There are no adequate and well- 
controlled studies in pregnant women 
Beclomethasone dipropionate should be used during 
pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 
Nonteratcgenic Effects: Hypoadrenalism may 
occur in infants born of mothers receiving 
corticosteroids during pregnancy Such infants should 
be carefully observed 


Nursing Mothers: |t is not known whether 
beclomethasone dipropionate is excreted in human 
milk. Becaus 2 other corticosteriods are excreted in 
human milk, caution should be exercised when 
VANCENASE Nasal Inhaler is administered to nursing 
women. 

Pediatric Wse: Safety and effectiveness in children 
below the age of 12 years have not been established 


ADVERSE REACTIONS |n general, side effects 
in clinical studies have been primarily associated with 
the nasal mv cous membranes. Adverse reactions 
reported in controlled clinical trials and long-term 
open studie: in patients treated with VANCENASE are 
described below. 

Sensation . of irritation and burning in the nose (11 
per 100 patients) following the use of VANCENASE 
Nasal Inhale have been reported. Also, occasional 
sneezing attacks (10 per 100 patients) have occurred 
immediately following the use of the intranasal inhaler 

Localized nfections of the nose and pharynx with 
Candida alb«ans have occurred rarely. (See 
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PRECAUTIONS | 

Less than 2 per 100 patients reported transient 
episodes of bloody discharge from the nose 

Ulceration of the nasal mucosa has been reported 
rarely. Systemic corticosteroid side effects were not 
reported during the controlled clinical trials. If 
recommended doses are exceeded, however, or if 
individuals are particularly sensitive, symptoms of 
hypercorticism, i.e., Cushing's syndrome could occur. 
DOSAGE AND ADMINISTRATION Adults 
and Children 12 years of age and over: the 
usual dosage is one inhalation [42 mcg) in each 
nostril two to four times a day [total dose 168-336 
mcg/day). Patients can often be maintained on a 
maximum dose of one inhalation in each nostril three 
times a day (252 mcg/day] 

In patients who respond to VANCENASE Nasal 
Inhaler, an improvement of the symptoms of seasonal 
or perennial rhinitis usually becomes apparent within 
a few days after the start of VANCENASE Nasal 
Inhaler therapy 

The therapeutic effects of corticosteroids, unlike 
those of decongestants are not immediate. This 
should be explained to the patient in advance in order 
to ensure cooperation and continuation of treatment 
with the prescribed dosage regimen. 

VANCENASE Nasal Inhaler is not recommended for 
children below 12 years of age. 

In the presence of excessive nasal mucus secretion 
or edema of the nasal mucosa, the drug may fail to 
reach the site of intended action. In such cases it is 
advisable to use a nasal vasoconstrictor during the first 
two to three days of VANCENASE Nasal Inhaler 
therapy. 

Directions for Use: illustrated PATIENT 
INSTRUCTIONS for proper use accompany each 
package of VANCENASE Nasal Inhaler. 

CONTENTS UNDER PRESSURE. Do not puncture. Do 
not use or store near heat or open flame. Exposure to 
temperatures above 120°F may cause bursting. Never 
throw container into fire or incinerator. Keep out of 
reach of children 

OVERDOSAGE When used at excessive doses, 
Systemic corticosteroid effects such as hypercorticism 
and adrenal suppression may appear. If such 
symptoms appear, the dosage should be decreased. 

The oral LDcg of beclomethasone dipropionate is 
greater than | g/kg in rodents. One canister of 
VANCENASE Nasal Inhaler contains 8.4 mg of 
beclomethasone dipropionate, therefore acute 
overdosage is unlikely. 

HOW SUPPLIED VANCENASE Nasal Inhaler, 
16.8 g canister; box of one. Supplied with nasal 
adapter and PATIENT'S INSTRUCTIONS; (NDC 
0085-0041 -04) 

Store between 2° and 30°C (36° and 86°F}. 


Manufactured by Aerosol Techniques. Inc., Armstrong 
Laboratories Division, West Roxbury, MA 02123 for 
Schering Corporation, Kenilworth, N.J. 07033. 


For more complete details, consult package 
insert or Schering literature available from 
your Schering Representative or 
Professional Services Department, Schering 
Corporation, Kenilworth, New Jersey 
07033. 


C-12381913 
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New COCAINE HYDROCHLORIDE 
TOPICAL SOLUTION € 


(Not For Injection or'Ophthalmic Use) 


Here at last, commercially prepared 
Cocaine HCI Topical Solutions to 
relieve you from an onerous and 
sensitive compounding task. 
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Roxane Laboratories leadership in Unit Dose 
packaged liquid formulations is extended to 
Cocaine HCI Topical Solution. This pale blue-green 
formulation is proven stable and fully potent to the 
expiration date printed on each cup lid. This is 
particularly important for a product with known d 
stability problems. | | e Read 
The advantages of a commercially prepared Unit =~ A F "m y 
Dose product are well established. fae 
e The product is clearly and consistently labeled. | Hee 
e Control is maximized when only the amount 
needed for each procedure is delivered to the 
nurse or physician. 
è Any unopened cups can be returned 


To Order Cocaine Hydrochloride 

Topical Solution, simply fill Cocaine HCl 4% 0054-8150-03 
out your DEA Form 222 and 

purchase order as follows: Cocaine HCI 10% 

Mail the order to: . A $10.00 handling charge will be waived if the total order 
Roxane Laboratories, Inc. for Schedule Il products amounts to $75.00 or more. 


P.O. 16532 
Roxane 47 


Columbus, OH 43216 
Laboratories. inc. Gj). ig 
Columbus, Ohio 43216 Ve > 


L 





ROXANE LABORATORIES. INC 


COCAINE HYDROCHLORIDE II 

TOPICAL SOLUTION A 

INDICATIONS AND USAGE . 
Cocaine Hydrochloride Topical Solution is indi- 
cated for the introduction of local (topical) anesthesia 
of accessible mucous membranes of the oral, laryn- 

geal and nasal cavities. 
CONTRAINDICATIONS . 

Cocaine Hydrochloride is contraindicated in pa- 
tients with a known history of hypersensitivity :o 
the drug or to the components of the topical solution. 


WARNINGS 
RESUSCITATIVE EQUIPMENT AND DRUCS 
SHOULD BE IMMEDIATELY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 
Carcinogenesis, Mutagenesis: Long-term studies 
to determine the carcinogenic and mutagenic poten- 
tial of cocaine are not available. 


PRECAUTIONS | 
The safety and effectiveness of Cocaine Hydro- 


chloride Topical Solution depends on proper dosage, 
correct technique, adequate precautions, and readi- 
ness for emergencies. 

The lowest dosage that results in effective anesthe- 
sia should be used to avoid high plasma levels and 
serious adverse effects. Debilitated, elderly patients, 
acutely ill patients, and children should be given re- 
duced doses commensurate with their age and phy- 
sical status. 

Cocaine Hydrochloride Topical Solution should 
be used with caution in patients with severely trzu- 
matized mucosa and sepsis in the region of the pro- 
posed application. Use with caution in persons w&h 
known drug sensitivities. 

ADVERSE REACTIONS 
Adverse reactions may be due to high plasma levels 

as a result of excessive and rapid absorption of the 
drug. Reactions are systemic in nature and involve 
the central nervous system and/or the cardiovascular 
system. A small number of reactions may result from 
hypersensitivity, idiosyncrasy or diminished toler- 
ance on the part of the patient. 

CNS reactions are excitatory and/or depressart, 
and may be characterized by nervousness, restless- 
ness and excitement. Tremors and eventually clonic- 
tonic convulsions may result. Emesis may occur. 
Central stimulation is followed by depression, with 
death resulting from respiratory failure. 

Small doses of cocaine slow the heart rate, but after 
moderate doses, the rate is increased due to central 
sympathetic stimulation. 

Cocaine is pyrogenic, augmenting heat production 
in stimulating muscular activity and causing vaso- 
constriction which decreases heat loss. Cocaine is 
known to interfere with the uptake of norepinephrine 
by adrenergic nerve terminals, producing sensitiza- 
tion to catecholamines, causing vasoconstriction 
and mydriasis. 

Cocaine causes sloughing of the corneal epitke- 
hum, causing clouding, pitting, and occasionally 
ulceration of the cornea. The drug is not meant for 
ophthalmic use. 


HOW SUPPLIED 
4% Cocaine Hydrochloride Topical Solution 
NDC 0054-8150-03: Unit dose Patient Cup™ filled 
to contain 4 ml, five 4 ml Patient Cups'" per carten. 
10% Cocaine Hydrochloride Topical Solution 
NDC 0054-8151-03: Unit dose Patient Cup™ filed 
to contain 4 ml, five 4 ml Patient Cups™ per carten. 
Store at Controlled Room Temperature 
15°-30°C (59°-86°F) 
Caution: Federal law prohibits dispensing 
without prescription. 
issued August 1982 


Roxane 


Laboratories, inc. 
Columbus, Ohio 43216 


POSITION AVAILABLE 
OTOLARYNGOLOGIST 


Sixteen physician multispecialty and 
family physician group in southern 
Wisconsin is seeking a board eligible 
otolaryngologist. Excellent practice op- 
portunity and very competitive start- 


ing salary and benefits. Eligible to be- 
come full shareholder after one year. 
Easy access to metropolitan areas of 
Milwaukee and Madison, Wisconsin. 


Please send CV or call: 


M. J. Rietbrock, MD, President 
Wilkinson Clinic 
915 East Summit Avenue 
Oconomowoc, Wisconsin 53066 
(414) 569-2300 





POSITION 
AVAILABLE 


OTOLARYNGOLOGIST 


Join a progressive multispecialty group of 


tv; many outdoor recreational opportunities; 
high quality of life. Referral area: 150,000. 
Liberal financial benefits. 


Send curriculum vitae to: 
L. C. Smith, MD 
101 Willmar Avenue 
Willmar, MN 56201 





Practice Otolaryngology 
NOW 

as it will be practiced 

in the future. 


e Innovative patient care delivery 
e Teaching — residents and medical students 
e Research — clinical and basic, internal funds 


e University affiliation — clinical faculty 
appointment possible 


e Multispecialty group practice 
e Salary plus incentive — excellent be efits 


Contact: R. D. Nichols, M.D., Chairman 
Department of Otolaryngology 
Henry Ford Hospital 
2799 W. Grand Boulevard 
Detroit, Mich. 48202 





FELLOWSHIP 
IN 
HEAD AND NECK SURGERY 


University of Iowa 


A one- to two-year fellowship is being o-fered 
by the University of Iowa, Department of 
Otolaryngology-Head and Neck Surgery, Di- 
vision of Head and Neck Surgery. The fellow- 
ship consists of active involvement in the man- 
agement of all aspects of oncologic, plastic 
and reconstructive surgery of the head and 
neck. Teaching and research are also re- 
quired. Candidates must be able to obtzin an 
Iowa medical license. 


The University of Iowa is an equal oppo-tuni- 
tv/affirmative action emplover. 


For further information contact: 


William R. Panje, MD 
Dept. of Otolaryngology-Head & Neck Surgery 
University of Iowa 
Iowa City, Iowa 52242 
(319) 356-2166 





Madsen 
TYMPAN:O:SCOPE 








Simply Remarkable... 
Remarkably Simple. 


. For accurate, 
automatic results 
in seconds. 







| 
| 
Quality and human engineering 

hove always been paramount to 
Madsen. It's with these uncompro- 

| mising standards that we have 

. developed the new Madsen 

Tympan-O-Scope. 

.. All tests are performed automati- 

. cally and rapidly, allowing more 
effective use of professional time. 
Results are printed on an IBM sized 
card for easy filing. 


Insist on Madsen Tympan-O-Scopes. 
Exceptional quality at an unrivaled 
price. 


Madsen 


Helping the world to better hearing. 


USA. EUROPE: 

P.O. Box 136 20 Vesterlundvej 

DK 2730 Herlev, Denmark 
Telephone: (02) 946000 
716):534-8957 Telex: 55-35285 

elex: De 982298 MADSTR-DK 


370 Spsers Road - P.O. Box 535 Konigsteiner Strasse 20A 


Postfach 1223 
le. t 
kville. Ontario L6J 584 D - 6232 Bad Soden/Taunus 


Telephone: (06) 196-24069 





elep^c- e: (416) 825-0122 
Telex: De 982298 
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POSITION AVAILABLE 
OTOLARYNGOLOGIST 


Albemarle, North Carolina 
A great place to live, play, and practice medicine, 
located approximately 42 miles northeast of Zhar- 
lotte. County has population base of 48,000 ar d has 
excellent living conditions, recreational facilities, 
and educational systems. 

Community completed and occupied in the spring 
of 1981 a new 130-bed, all private room, replace- 
ment hospital with a 29- member medical statt rep- 
resenting the specialties of family practice, in-ernal 
medicine, urology, general surgery, radiology, pedi- 
atrics, obstetrics and gynecology, pathology, opth- 
almology, and orthopedic and hand surgery. 

For further information send curriculum vitae to: 
Mr. Donald B. Logan, Stanly Memorial Hospital, 
Inc., P. O. Box 1489, Albemarle, NC 28001. A148 


RESEARCH SCIENTIST 


The Denver Center for the Performing Arts has 
founded a research laboratory, in Denver, fcr the 
study of laryngeal and respiratory function, bcth as 
basic research and in application to vocal perfor- 
mance. The Director is Dr. Wilbur J. Gould ard the 
Associate Director, as consultant, is Dr. Ingo R. 
Titze. 


Responsibilities include developing and carrying 
out research program in voice area, develop:ng a 
laboratory, grant writing, cooperation with visiting 
scientists; emphasis on voice physiology, acoustics, 
or perception. Must have demonstrated abibty to 
design and report research; background in physical 
or biological sciences, engineering, medicine, exper- 
imental phonetics speech science. or researeh in 
vocal performance. Should have interest in vocal 
arts and enhancement of vocal performance ir both 
live and recorded form. Starting salary approx- 
imately $27,500, depending on qualifications. 


Send letter of application with CV, bibliography. 
and three or more letters of recommendation tc: Dr. 
Ingo R. Titze, Department of Speech Pathology and 
Audiology, University of Iowa, Iowa Cite, IA 
52242. 
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TEMPORAL BONE SURGICAL 
DISSECTION COURSES 
Department of Otorhinolarvngology 

University of Michigan Medical School 
Malcolm D. Graham, MD, Course Director 


Sept. 12-16, 1983; Sept. 26-30, 1983; 
Oct. 31-Nov. 4, 1983; Nov. 14-18, 1983 


Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otologic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experience in 
both temporal bone anatomv and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolarvngology and 


science and clinical otologic instruction. Dissection 
instruments will be provided. 
FEE — $1000 
50 Hours Category I CME Credits 

For further information contact: Malcolm D. Graham, 
MD. Dept. of Otorhinolarvngology, University of Mich- 
igan Medical Center. Ann Arbor, MI 48109, (313) 764- 
4131 or (313) 764-8110. 


A43 





OTOLARYNGOLOGIST 
HEAD AND NECK SURGEON 


The Department of Surgery at Kern Medical 
Center in Bakersfield, California, seeks an otolarvn- 
gologist/head and neck surgeon for geographic full- 
time practice. The department is an academic af- 
filiate of the Department of Surgery and its Division 
of Otolaryngology/Head & Neck Surgery of the 
UCSD School of Medicine, San Diego, California. 


Qualifications include board certification, a 
strong interest in teaching and a broad background 
of clinical skills including experience in facial 
trauma, adult and pediatric endoscopy and head 
and neck cancer. The position offers an opportunity 
to participate in a private practice plan and includes 
a faculty appointment in the Division of Head and 
Neck Surgery, UCSD School of Medicine, with rank 
commensurate with qualifications and experience. 


Interested candidates should send a curriculum 
vitae to: Jack H. Bloch, MD, Chairman, Depart- 
ment of Surgery, Kern Medical Center, 1830 Flower 
Street, Bakersfield, CA 93305. 
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Our decongestant family 
for congested families 
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(pseudoephedrine hydrochloride 120 mg) 
SUSTAINED ACTION NASAL DECONGESTANT 


UPTO TEMPORARY 
12 HOUR RELIEF OF 
NASAL CONGESTION... HELPS DECONGEST 
ÆR SINUS OPENINGS. SINUS PASSAGES 
E 10 CAPSULES 


Sudeted™ S.A. — SUSTAINED ACT OWN NASAL DECONGESTANT 


Á— MÀ A n SNe ore ae — er — — 


Sudafed” S.A. And remember the rest of the family. .. 

(pseudoephedrine HCl) 120 mg capsules Sudafed” 
Sustained action for potent 12-hour relief (PSeuccephedrine y 30 mg tablets 
Not recommended for children under Sudated Syrup 
12 years of age (pseucoephedrine HCl), a tasty raspberry- 
Available without Bx) - flavored syrup containing 30 mg per 5 cc 

vailable without Rx in packages ® 
of 10s and 40s Sudafed" Cough Syrup 


(pseucoephedrine HCl) containing 30 mg per 5 cc 


Potent relief without drowsiness 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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Are you stuck? It frequently happens with a 
difficult case. You have a series of test results, 
but definitive information is missing. 


You can acquire missing information in many 
of your most difficult cases with the NICOLET 
PATHFINDER II. Comprehensive electro- 
diagnostic capability for evaluating auditory 
sensitivity, neural integrity, and cognitive 
processing is now available in a single top 
quality instrument. 


Anytning less than top quality evoked potential 
instrumentation can leave you stuck with unreliable 
data and a backlog of patients waiting to be tested. 
The NICOLET PATHFINDER II provides complete, 
high-quality data faster. Cost effectiveness is 
increased because more patients can be tested 

each day. 


Anything less than top quality evoked potential 
instrumentation can leave you stuck with an inflexible 1 
system that quickly becomes obsolete. Flexibility is a 
major feature of the NICOLET PATHFINDER II. The 
modular design and software control guarantee the long-life 

of the system. Extended life of the system means increased cost effectiveness. 


A 


Anything less than a top quality manufacturer can leave you stuck with inadequate 
service, training, and applications support. Nicolet Biomedical guarantees customer 
satisfaction. Service and support are provided by our international network of offices. 
Our highly qualified applications staff provides on-site installation and training, 
workshops, seminars, and instructional material. At Nicolet Biomedical we do our best 
to stay the best. 


sd 


To receive more information about the Nicolet 
Pathfinder Il and other Nicolet Biomedical 
Systems that can be tailored to your individual 
needs, write or call Donald Erickson 

(608/27 3-5000/27 3-5001 ) collect at our world 
headquarters in Madison, WI. There is a Nicolet 
Biomedical office close by to serve you 
wherever you are in the world. 


NICOLET 
BIOMEDICAL 
INSTRUMENTS 


A NICOLET INSTRUMENT DIVISION 


P.O. Box 4287 * 5225 Verona Road 
Madison, W/isconsin 53711-0287 
(608) 273-5000/273-5001 * Twx: 910-286-2711 


WHERE RESPONSIBILITY KEEPS 
PACE WITH TECHNOLOGY 
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FUNCTIONAL NECK D.SSECTION 
ANATOMICAL GROUNDS, SURGICAL TECHNIOUE, CLINICAL OBSERVATIONS 


CARLO V. CALEARO, MD 


GIANPIETRO TEATINI, MD 


FERRARA, lTALY 


The anatomical grounds of and surgical technique for functional neck disseczion are described in detail in order to demonstrate that 
the radicalism of this procedure, from the viewpoint of surgical anatomy, is by ro means less than that of the classical (so-called radical) 
neck dissection. From 1972 to 1978, 476 operations were performed (211 patientst»eated bilaterally and 54 unilaterally). The percentage 
of false negatives (ie, histologically proven metastases ir. clinically unsuspected noce) was 14% , while the percentage of false positives (his- 
tological negativity in clinically suspected nodes) reached 53% . The total rumbe: ef local recurrences in a three-year follow-up was nine 


(3.5%). 


Surgical treatment of metastatic cancer of the 
neck, which since the beginning of this century was 
based invariably on the neck dissection described by 
Crile,’ was revolutionized in the 1960s by the intro- 
duction of a new procedure which Bocca; named 
“functional neck dissection" (FND). The rationale 
for this approach is that radical removal of the con- 
tents of the spaces where lymph nodes are included 
may be equally effective if the fasciae enveloping 
these spaces are wholly elevated and excised. The 
sternomastoid muscle and the internal jugu.ar vein, 
which actually lie outside the spaces, can taerefore 
be spared when they are not directly invaded. Fur- 
thermore, the precautionary isolation of important 
nerve trunks, such as the hypoglossus, spinal acces- 
sory, and phrenic, makes it possible to avoid any 
unnecessary functional deficit. 


A number of reports** have demonstrated from a 
statistical viewpoint that FND is as safe as :he clas- 
sical neck dissection in the treatment of NO-N1 cases. 
In spite of this and of the remarkable advartages of 
the procedure, which were recently fully covered 
by Bocca et al," * FND is facing great obstades to its 
acceptance, even though the common trend of mod- 
ern surgery fosters functional preservatior. There 
are probably several reasons for this difficu.ty. One 
of them, in our opinion, is that up to now the vari- 
ous descriptions of the operative technique did not 
thoroughly elucidate the anatomical grounds for 
FND and therefore failed to demonstrate, from the 
viewpoint of surgical anatomy, the full radicalism 
of the procedure. 


ANATOMY 


The basic principle of FND, enunciated by 
Suarez’ and confirmed by investigations performed 
in our department,'® states that there are no lymph 
nodes within the fascial wrappings which bind the 
muscles, nor within the carotid sheath. (It must be 
stressed, however, that lymph nodes often lie very 


close tone fasciae; these can be safely elevated only 
in the xtsence of any infiltrative growth beyond the 
capsule.: In order to remove the lymph nodes, the 
spaces where they dwell must be completely emp- 
tied, sta-ting by elevating their “wrapping cloths.” 


To attain this end, it is obviously necessary to be 
familias with everv anatomic boundary of the 
spaces; zn arbitrary limit can be set only when an 
actual anatomic boundary is lacking. In our opi- 
nion, tke topographv of the neck which best fits the 
requirements of FND is that of the Viennese anato- 
mist, P*znkopf.!! According to this author, only two 
fasciae «re encountered in the neck: a) the outer 
fascia, «hich invests the muscles of branchial origin 
(sternomastoid and trapezius): and b) the inner 
fascia, «nich wraps the autochthonous muscles, ie, 
those ovizinating from the cervical myotomi (system 
of the ecaleni; system of the recti or strap muscles; 
system 2 the prevertebral muscles). 


The ater fascia (Fig 1A) covers the surface of the 
neck lize a muff, just below the platysma. It splits 
into twc layers as it invests the sternomastoid; it 
blends with the inner fascia ventrally, along the 
midline. 


The rner fascia anteriorly wraps the strap mus- 
cles ang then is broken in the gap between the ster- 
nothyreid and anterior scalene muscles. This open- 
ing, ealed the anterior scalenic niche, is actually 
filled ky a sheath of vascular origin, the carotid 
sheath. The inner fascia then covers the preverte- 
bral mescles, the scalenes, the levator muscle of the 
scapule, and investing the splenius extends up to the 
nape. Inthe interval between the anterior and mid- 
dle scaænes the inner fascia shows a second small 
gap, the posterior scalenic niche, which is crossed 
by the >-achial plexus. 


Thus we find two main spaces in the neck, the 
central and the lateral, which are separated by the 
carotid sheath fastened in the anterior scalenic 
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Fig 1. Schematic cross section of neck showing A) arrangement of two cervical fasciae. Outer fascia wraps branchial muscles, 
sternomastoid (S.C.M.) and trapezius (Tr.), while inner fascia covers autochthonous muscles; among them are shown anterior and 
middle scalene muscles (Sc. A. and Sc. M., respectively) and levator muscle of scapula (E.S.). There is an interruption in inner fascia 
between sternothyroid and anterior scalene muscles | broken lines) which is actually filled by aponeurosis of vascular origin, carotid 
sheath. B) 1 — Retrovisceral (prevertebral) space; 2 — Paravisceral space; 3 — Carotid sheath; 4 — Lateral space. Note that retro- 
visceral and paravisceral spaces are separated by par ition which connects carotid sheath to viscera. This is called sagittal aponeuro- 


sis and acts like mesenterv, carrying blood vessels tc viscera. 


niche (Fig 1B). While the lateral space consists of a 
single chamber, the central space is further divided 
into several compartments: the visceral space, en- 
veloped by the sheath which covers the laryngeal 
and pharyngeal muscles; and the paravisceral 
space, bilateral, which the carotid sheath separates 
from the lateral space. Another aponeurosis of 
vascular origin, the sagittal aponeurosis, divides it 
from the retrovisceral (prevertebral) space. 


The spaces which must be emptied during FND 
are the lateral and the paravisceral. Both are in the 
shape of pyramids; however, the paravisceral space 
is inverted. The partition wall between them is the 
carotid sheath (Fig 2). 


The lateral space has a cranial apex, which abuts 
on the temporal bone, and a caudal base. At the 
bottom there is no actual anatomic boundary as the 
space merges into the axilla through the cervico- 
axillary canal. An arbitrary boundary must, there- 
fore, be set up here at the clavicle level. 


The horizontal section of the space is quasitriang- 
ular (Fig 1B). The medial side is the carotid sheath, 
the posterior side is the inner fascia covering the 
scaleni muscles and the levator muscle of the 
scapula. On the lateral side we find the outer fascia, 
which upward and forward underlies the sterno- 
mastoid and downward and backward is fastened 
between the sternomastoid and trapezius. It follows 
that only a part of the lateral space directly faces 
the outside and corresponds to the posterior neck 


triangle. The other part, which is covered by the 
sternomastoid, is called the submuscular recess. 


Dorsally, the submuscular recess ends at the pos- 
terior border of the levator muscle of the scapula. 
Hence, the two fascial layers, one underlying the 
sternomastoid and the other overlying the splenius, 
blend together.'? Therefore, the posterior border of 
the levator muscle of the scapula represents the 
posterior limit of the dissection in the upper part of 
the neck. 


The carotid sheath is a sheet of dense collagen 
fibers with a central bulge where the carotid arter- 
ies and the vagus and sympathetic nerves are em- 
bedded. The internal jugular vein, on the contrary, 
is not included in the sheet, but is in a lateral exten- 
sion joined to the septum by a thin isthmus. As 
lymph nodes often creep into the interstices be- 
tween the jugular expansion and the main sheet, the 
vein must be skeletonized around its whole circum- 
ference, if one decides to preserve it. 


The paravisceral space has the apex facing 
caudad, on the level of the lateral thyroid lobe; its 
base, facing cephalad, has no real anatomic boun- 
dary as it merges into the parapharyngeal space of 
the head where the sagittal aponeurosis of the neck 
becomes the thick fibromuscular stylopharyngeal 
septum. An arbitrary limit must therefore be set up 
corresponding to the posterior belly of the digastric 
muscle. The section of this space is again in the 
shape of a triangle. Its ventral side is formed by the 
inner fascia underlying the strap muscles; back- 
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ward, the lateral side is the carotid sheath, while 
the visceral fascia and the sagittal aponeurosis form 
the medial side (Fig 1B). 


STRATEGY OF THE OPERATION 


In our opinion, the greatest difficulty encoun- 
tered by those who start applying the technique of 
FND is to grasp the strategy of the operation. As a 
preliminary subdivision, we can distinguisa the fol- 
lowing steps: dissection of the lateral space; dissec- 
tion of the carotid sheath; and dissection of the 
paravisceral space. While the last two ar» easy to 
describe, the first is complicated by the peculiar ar- 
rangement of the lateral space which has one part, 
the posterior triangle, directly accessible after the 
skin has been elevated, and another part, the sub- 
muscular recess, which is covered by the sternomas- 
toid muscle. 


The submuscular recess can be reached only by 
passing in front of (medially to) the sternomastoid. 
Once the dissection of the recess is finished, one has 
to move backward, behind (laterally to) tbe sterno- 
mastoid, in order to dissect the posterior triangle. 
The contents of the recess must, therefore, be slid 
under the sternomastoid and conveyed inte the pos- 
terior triangle. This is one of the characteristic 
“sliding maneuvers” of FND under the structures to 
be preserved. The continuity of the surgical 
specimen is very firm and holds up against vigorous 
pulls as the tissues are everywhere enwrepped 5y 
the fasciae which are gradually elevated ‘rom the 
underlying planes. 


In the posterior triangle, the spinal accessory 
nerve divides the space into a cranial (supraspinal) 
and a caudal (subspinal) half. If the nerve can be 
spared, it is isolated along its whole path. Then the 
block of the supraspinal dissection is slid under the 
nerve and carried into the caudal part. 


When the lateral space has been completely emp- 
tied, the dissection of the carotid sheath begins. In 
this regard, one must recall that in the paravisceral 
space the distance from top to bottom is less than in 
the lateral space. It follows that the cranial and 
caudal ends of the carotid sheath do not border on 
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Fig 2. Schematic of neck showing lateral and paravisceral 
spaces which must be dissected during operation. Both 
contai- lymph nodes and nerve trunks; they are separated 
by car-tid sheath. Inferior limit of lateral space is set up at 
clavicE level, while upper limit of paravisceral space is set 
up at evel of digastric muscle, (transparent). Sternomas- 
toid muscle, (also transparent), covers most cranial part of 
lateral space, viz, submuscular recess, while lowest part of 
same zpace, corresponding to posterior neck triangle, di- 
rectly -aces outside. 


the paravisceral space but rather on the paraphar- 
yngeal space of the head and on the thyroid gland, 
respectively. In both sites, one confines oneself to 
the elevation of the fascia from the lateral aspect of 
the sheeth. However, in the length which is com- 
mon to 5oth the lateral and the paravisceral space, 
the «hezth is completely dissected, thus making it 
possible to reach the paravisceral space without 
breakin z the continuity of the fasciae. At the end, a 
single cavity is present in the neck, including the 
lateral end paravisceral spaces, with a jutting spur 
betweer them, which is the residue of the carotid 
sheath (Fig 3). 


za 
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Fig 3. Surgical steps of FND. A) Starting from its pex, submuscular recess of lateral space is dissected. B) Content of submuscular 
recess has been slid under sternomastoid. Now posterior neck triangle is dissected. C) As dissection of lateral space is accomplished, 
dissection of carotid sheath is begun. D) Dissectiom of paravisceral space from caudad to cephalad is final step. 
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l. eee of the surgical field and incision 
of the outer cervical fascia: 

2. dissection of the lateral space, consisting of a) 
dissection of the submuscular recess: b) 
preparation of the posterior triangle (iselation 
of the spinal accessory nerve); and c) dissec- 
tion of the supraspinal and subspinal parts of 
the posterior triangle; 

3. dissection of the carotid sheath; 

4. dissection of the paravisceral space; 


Each space is dissected from top to bottcm, ie, 
from cephalad to caudad for the lateral space and 
from caudad to cephalad from the paravisceral 
space. The dissection of the carotid sheath marks 
the passage from one space to the other. 


SURGICAL TECHNIQUE 


PREPARATION OF THE SURGICAL FIELD AND 
INCISION OF THE OUTER CERVICAL FASCIA 


Skin and platvsma muscle are elevated from the outer fascia. 
The surgical field extends from the thvroid cartilage to the anter- 
ior border of the trapezius and from the clavicle to the mandible 
and mastoid. 


The external jugular vein is ligated at the inferior paretid pole 
which is excised in order to ensure the removal of the lymph 
node(s) at the inferior border of the gland. A second lizature is 
carried out in the fossa ovalis, that is, where the vein pierces the 
fascia. The fascia is then interrupted with two incision lines, the 
first roughly dividing the outer aspect of the sternomastcid into a 
medial and lateral half, the second, which runs perpendicularly 
to the former, starting from the anterior border of the sternomas- 
toid and reaching the surface of the submandibular gland (“ig 4A). 


The fascía is elevated from the anterior half of the sternomas- 
toid until the internal jugular vein, running along the edze of the 
muscle, can be seen in transparency. The sternomastoid vessels 
(one, or more often two) are transected (Fig 4B). 


On the posterior border of the sternomastoid muscie, Erb's 
point is identified. This is the landmark for the spinal accessory 
nerve, as it emerges from the sternomastoid within 2 te 2.5 cm 
above Erb's point. '^'* The posterior leaf of the fascia overlving 
the sternomastoid is elevated by means of sharp dissection, which 
is replaced by a blunt one near the spinal accessory nerve (Fig 


4C). 


Anteriorly, the fascial incision uncovers the outer aspect of the 
submandibular gland which is dissected from the fascia and, after 
ligature of the anterior facial vein, can be retracted superiorly in 
order to expose the stylohyoid and the posterior belly of the digas- 
tric muscle. These are completely freed from the fascia (Fig 4D). 


DISSECTION OF THE LATERAL SPACE 


Dissection of the Submuscular Recess. The surgical limits are, 
anteriorly, the internal jugular vein and the carotid artery, em- 


bedded in the carotid sheath; cephalad, the cranial base; poster- 
iorly, the ternomastoid muscle anterior margin; and, on the floor 
of the recess, the levator muscle of the scapula dorsal margin. 


Two retractors open the acute angle between digastric and ster- 
nomastoid muscles up to more than 90°. The transverse process of 
the atlas is palpated; this is the landmark to the internal jugular 
vein whica is uncovered by blunt dissection together with the 
spinal accessory nerve which has usually already crossed the vein. 
The exposure of the vein is continued downward for 2 to 3 cm, in- 
terrupting, if necessary, the occipital vessels which cross it super- 
ficially (Fig 4E). The spinal accessory nerve is isolated until it 
enters the sternomastoid and is raised by means of a hook. 


The dissection of the recess begins in its most cranial part by 
elevating the fascia from the floor, ie, from the longissimus and 
splenius muscles of the head. Below the transverse process, the 
dorsal ma-gin of the levator muscle of the scapula must be iden- 
tified. as it corresponds to the posterior limit of the dissection (Fig 
4F). 


Care mast be taken along both the jugular vein and the sterno- 
mastoid. One must recall that at this level the jugular vein does 
not only lie over the carotid artery, but óver and behind it: during 
dissection the vein must therefore be gently retracted ventrally so 
that the carotid wall can be reached. Along the sternomastoid, 
the deep angle formed between the muscle’s outer and inner ends 
(from the sternum and clavicle. respectively) may contain a 
lymph node and must be accurately dissected. This step ends 
when the dissection of the recess has reached the point where the 
spinal aecessory nerve enters the sternomastoid muscle. 


Preparation of the Posterior Triangle. The spinal accessory 
nerve is islated throughout its course, from its departure from 
the sternomastoid up to its entrance into the trapezius. When the 
latter has been identified, the outer fascia is elevated from its edge 
(Fig 4G). 


Dissecti m of ie Taerar Triangle. The surgical limits are, 


pezius a aid. the upper aid border. 


Dissection commences from the upper tip of the triangle by 
elevating the fascia which overlies the splenius muscle. As soon as 
the levator muscle of the scapula is reached, the specimen is con- 
nected wi-h the one from the submuscular recess; the posterior 
edge of the sternomastoid is grasped and raised, and both fasciae, 
which cever the inner aspect of the sternomastoid and the surface 
of the levator muscle of the scapula, are elevated. (Attention must 
be paid to the proximity of the spinal accessory nerve which has a 
dicis ceurse in rela to the Ae iasaid. r T he block of the 


As the cissection reaches the ni accessory nerve, it is TEA 
raised anc the specimen is slid under it (Fig 41). The subspinal 
part of the posterior triangle is dissected in a forward direction. 
From the »order of the trapezius the floor of the space is exposed; 
some postzrior branches of the cervical plexus, running super- 
ficially to the fascia, and the superficial and transverse cervical 
vessels are interrupted. When the omohyoid muscle is en- 
countered it is completelv freed from its fascia envelope and re- 
tracted. The posterior scalenic niche, between the anterior and 
middle scalene muscles, must be identified and handled carefully, 
as it conta ns the brachial plexus. Along the arbitrary boundary of 
the clavicle, the supraclavicular nerves are severed and the exter- 
nal juguler vein is ligated once more, as well as its branches. 


Fig 4. A) Surgical field after elevation of skin and platysma muscle. Two ligatures are placed on external jugular vein, —- 
upper at inferior pole of parotid, lower in fossa evalis where vein pierces fascia. Broken lines show incisions to be car- 
ried out in fascia. Arrow indicates Erb's point. E) Elevation of fascia from anterior half of sternomastoid muscle. Ster- 
nomastoid vessels (arrows) have been interrupted. C) Elevation of fascia from posterior half of sternomastoid muscle. 
Spinal nerve (arrow) is identified as it emerges from posterior border of muscle. D) Lower half of submandibular 
gland has been dissected from fascia and anterior facial vein has been ligated (arrow). Now posterior belly of digastric 
and stvlohyoid muscles are exposed. E) Two retractors open widely angle between sternomastoid and digastric mus- 
cles. Transverse process of atlas, identified by palpation, is landmark for internal jugular vein (arrow), which is ex- 
posed together with spinal accessory nerve along its posterior edge and occipital vessels which cross ventrally to dorsal- 
ly. F) Spinal accessory nerve is isolated until it penetrates into sternomastoid muscle and is raised. Below transverse 
process of atlas in floor of submuscular recess is levator muscle of scapula (*). Medially to it is internal jugular vein. 
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Fig 4, cont'd. G) Spinal accessory nerve (raised by hook) is skeletonized in posterior neck triangle. Fascia is then 
elevated from anterior border of trapezius muscle (arrow). H) Posterior border of sternomastoid is grasped and raised; 
fascia is elevated from deep aspect of this muscle and from surface of levator muscle of scapula; now specimen from 
submuscular recess can be slid underneath sternomastoid and extracted in posterior triangle. I) Spinal accessory nerve 
in posterior triangle is raised by means of hock and surgical block is slid under it. J) Dissection of lowest (subspinal) 
part of posterior triangle. Omohyoid muscle s freed from its fascia envelope and retracted. Brachial plexus in poste- 
rior scalenic niche between anterior (*) and middle scalene, phrenie nerve running along medial edge of anterior 
scalene muscle and, more medially, internal jugular vein are identified. 


Elevation of the fascia on the anterior scalene muscle, m 1st be ac- 
complished after identification of the phrenic nerve which is often 
accompanied by a thin accessory branch. Then the posterior 
border of the sternomastoid near its clavicular attachment is re- 
tracted ventrally and the internal jugular vein and the carotid 
artery are exposed (Fig 4J). The thyrocervical trunk +s ligated 
and, on the left side, the thoracic duct can be identified. 


At this point the elevation of the fascia from the inner aspect of 
the sternomastoid can be completed everywhere. Two gauze 
loops are placed round the muscle which is drawn pcsteriorly, 
while the block, sliding under the muscle, is moved ventrally. 


DISSECTION OF THE CAROTID SHEATH 


The dissection is accomplished only in the length wnich cor- 


responds to the paravisceral space, that is, from the upper edge of 
the thyroid gland to the intermediate tendon of the digastric mus- 
cle. The specimen is pulled ventrally and the posterior branches of 
the cervical plexus are severed, taking care to interrupt C-4 and 
C-3 distally to their connections with the phrenic nerve (Fig 4K). 


A careful sharp dissection exposes the sympathetic trunk, the 
carotid adventitia with the vagus nerve (Fig 4L), and finally com- 
letely skeletonizes the internal jugular vein whose tributary 
branches are ligated (Fig 4M). 


DISSECTION OF THE PARAVISCERAL SPACE 


The surgical limits are laterally, the residue of the dissected 
carotid sheath; medially, the inferior constrictor, covered by the 
visceral sheath; cephalad, the posterior belly of the digastric mus- 
cle. 


FUNCTIONAL NECK DISSZCTION 221 





oes 
va 


Fig 4, cont'd. K) Sternomastoid muscle, which has been completely uacovered from fascia, is retracted backward by 
means of gauze loops. Specimen has beer slid under muscle and retracted toward median line. Dissection of carotid 
sheath begins with interrupting dorsal branches of cervical plexus (er»ows) distally to their connections with phrenic 
nerve. L) Dissection of carotid sheath continues by uncovering symo: -hetic trunk (arrow), carotid artery and vagus 
nerve. M) Internal jugular vein (thin arrows on right) has been wholly -xeletonized and its branches have been ligated. 
Vein now "falls" behind carotid artery (thick arrows on left) which iscovered by hypoglossal nerve and descending an- 
sa cervicalis (*). Between artery and vein is vagus nerve. N) Dissectims of paravisceral space starts from superior pole 
of thyroid gland (*). Space is dissected, preserving anterior branches »f carotid artery and skeletonizing hypoglossal 
nerve. Last step of FND ends when upper limit of space is reached, at level of posterior belly of digastric muscle. 


The floor of this space is the sagittal aponeurosis, which in- 
cludes the anterior branches of the carotid artery; these must not 
be injured. The dissection is directed cephalad and requires that 
the hypoglossal nerve be isolated from the surrounding venous 
plexus (Fig 4N). 


Finally, the specimen adheres to the strap muscles; hence it can 
be removed in continuity with either a contralateral block or a 
submandibular dissection. 


CLINICAL OBSERVATIONS 


The first operation according to present tech- 
nique was performed in July 1972. In July 1978 the 


total 1 1mber of FNDs was 476, involving 265 pa- 
tients of whom 211 were treated bilaterally (only 
in 13 cases in separate sessions) and 54 unilaterally. 
The ste of primary tumor is summarized in Table 
1. The clinical stage of lymph nodes, according to 
the Union Internationale Contre le Cancer (UICC) 
classid-ation (1978), is shown in Table 2. 


His-ologically positive nodes were found in 27 
specim:ns which had been classified as NO, or N1A, 
or NA, with 14.59% false negatives. Among the 
NIB-23 cases no malignancy was histologically 
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TABLE 1, SITE OF PRIMARY TUMOR 





No, of 

Ls — ERE 0050 
Larynx 195 
Oral cavity 28 
Pharynx (including tonsils) 12 
Thyroid gland 10 
Inferior lip 9 
Other localizations (salivary glands, external and 

middle ear, skin of the head, etc) 11 
Total 265 


found in 43 specimens, with 53.75 % false positives. 


Seven patients died within the 30th postoperative 
day, but only in two did the cause of death appear 
to be directly related to the neck dissection; the first 
died on the 20th day from gangrene of the cervical 
tissues which caused sudden rupture of the internal 
jugular vein and the second died on the third day of 
a pulmonary embolism due to jugular thrombosis. 


The most serious postoperative complication was 
the spontaneous rupture of the internal jugular vein 
in three cases. In the previously mentioned patient 
it was the consequence of a diffuse gangrene, but in 
two others it too place a a after few days 


section the wall of the Ser had been eave ane 
damaged; a subsequent increase in venous pressure 
gave rise to the hemorrhage. There is also the al- 
ternative possibility that a ligature placed on a tri- 
butary branch of the vein had loosened. 


TABLE 2. CLINICAL STAGE OF LYMPH NODES 


TABLE 3. RELATIONSHIP BETWEEN LYMPH NODE 
STAGE AND LOCAL RECURRENCES’ 


No. of Neck 





Classification . Histologi Patients Recurrences 

NO0.14A-2A Negative 154 5 (3.25%) 
Positive 27 0 

N1B-2B Negative 4] 2 (4.88%) 
Positive 36 2 (5.55%) 

Total! 258 9 (3.49%) 


*Minimum follow-up three vears, 
Total excludes seven patients who died postoperatively. 


Other postoperative complications were wound 
breakdown (13 cases) and serum or lymph collec- 
tions (65 cases). To obviate this frequent mishap, 
we now routinely anchor the posterior triangle skin 
flap to the muscle layer by means of two or three 
stitches. 


The list of iatrogenic complications includes the 
following: injury to the internal jugular vein, four 
cases (when the injury occurred during the first 
neck dissection in patients for whom a bilateral 
operation had been planned, the second dissection 
was deferred for 30 to 40 days); section of the 
thoracie duct, seven cases; section of the spinal ac- 
cessory nerve, 12 cases; section of the phrenic nerve, 
five cases; section of the sy mpathetic trunk, four 
cases; section of the hypoglossal nerve, two cases. 


The great majority of histologically positive pa- 
tients received postoperative irradiation. Preopera- 
tive treatment, with doses ranging from 30 to 50 
Gy, was administered only to 11 patients, in whom 
two wound breakdowns were observed. 


No. of 

c Classification — Petients. To date (minimum follow-up three years), local 
Clinically negative nodes No 154 recurrences were seen in nine patients (3.49%). The 

A E greatest delay between operation and discovery of 
Clügcallyoodtivemodes NiB 63 the recurrence was 15 months. The relationship be- 

N28 17 tween recurrences and lymph node stage is sum- 
Total 265 marized in Table 3. 
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An ossicular vibrator of original design made “rom a piezoelectric ceramic bimorph was described. To test its effectiveness, the 
vibrator was temporarily implanted during tympanoolasty in four selected patients who had suffered extensive damage to the middle ear. 
By use of a special applicator, the vibrator was connected to either the stapes or the columella and was then excited by pure tone and speech 
signals. The subjects could hear well with the vibrator and distinguish speech signals. Thus a vibration threshold curve and a vibratory 
speech discrimination score were obtained. Comparing these with the results of conventional audiometry, the vibrator proved to be a 
highly efficient sound-conducting device. This study furthermore calls attention tc some practical applications of this device, particularly 
to the possibility of implanting the vibrator as part ef an implantable hearing aid. 


INTRODUCTION 


Despite technical refinement in recoastructive 
surgery performed in the sound-conductive mecha- 
nism of the middle ear, restoration of hearing to a 
socially adequate level has not always been achiev- 
able. In not less than 10% of patients with chronic 
otitis media, intractable pathologic chaages have 
already taken place in the middle ear. Absence of 
stapedial superstructure, limited motility of the 
stapes, fibrosis of the tympanic cavity, extensive 
tympanosclerosis and obstruction of the eustachian 
tube are all grounds for a poor prognosis cn postop- 
erative hearing ability. Cochlear dvsfunction asso- 
ciated with chronic middle ear inflammation also 
limits the prospects for improving hearirg by sur- 
gery. Furthermore, in many congenital external 
and middle ear malformations, the procedures for 
reconstructive surgery of the sound-conducting 
mechanisms are not yet wholly dependable. 


In such difficult cases, direct stimulation of the 
stapes using an artificial sound transducer has come 
to be considered a practical method of restoring so- 
cially adequate hearing ability. To this end, an 
ossicular vibrator of piezoelectric ceramic bimorph 
has been developed as a component of ar implant- 
able hearing aid. In the present study, this vibrator, 
attached to the auditory ossicles during a tympano- 
plasty operation, was found to be a promising de- 
vice for converting electrical impulses directly into 
vibrations of the stapes, thereby compenseting for a 
surgically irreparable deficiency of the seund-con- 
ducting mechanism of the middle ear. This paper 
explains the properties of this ceramic vibrator, 


deseribes how it functions in the middle ear, and 
presents the results of new research on sound per- 
ceptien induced by direct oscillation of the stapes 
utilizing the vibrator. 


THE VIBRATOR 


Piezoelectric crystals produce an electrical 
voltage in proportion to the distortion exerted on 
them by external forces. This phenomenon is termed 
the piezoelectric effect. Conversely, as shown in the 
upper half of Figure 1, crystals exhibiting the piezo- 
electric effect respond by vibrating when they are 
charged with alternating current. Lead titanate zir- 
conate (Pb [Zr Ti] 03) is one of the most efficient 
piezoelectric materials available at the present 
time; it is commonly used in a ceramic form. This 
ceramic material is physically durable and pre- 
serves normal functions within a wide range of tem- 
peratares and changes in humidity. 


The lower half of Figure 1 shows a bimorph 
adaptation of the piezoelectric ceramic element in 
whic sh two ceramic elements with reversed polarity 
are pasted together. The free end of the piezoelec- 
tric ceramic bimorph will vibrate up and down in 
respozse to changes in the electric voltage applied to 
it while the other end remains fixed. Accordingly, 
an auditory ossicle coupled to the free end of the bi- 
morpa element will be stimulated by sound signals 
derived from the electrical impulses passing 
through the ceramic element. 


The piezoelectric ceramic bimorph used in the 
present study was constructed in the form of a flat 
chip 7 mm in length, 1.2 mm in width, and 0.6 mm 
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in thickness. The chip was coated to a thickress of 
0.1 mm with fluorocarbon resin to provide insula- 
tion and biocompatibility. The electrical voltage 
was supplied by two silver-stranded wires insulated 
by the fluorocarbon resin. In order to secure good 
contact with the ossicle, a tip made of silicon rubber 
tubing was attached to the free end of the ceramic 
element. 


The electrical impedance of the vibrator is capa- 
citative, and the capacitance is about 1,400 pF. The 
output sensitivity reaches 0.4 um/1V p-p at 1 kHz. 
Using a capacitative probe, frequency response at 
the tip was measured before and after impianta- 
tion. Before the vibrator was attached to the stapes, 
the frequency response curve showed a sharp peak 
between 3 and 4 kHz. In order to measure the re- 
sponse curve after attachment, the device was im- 
planted in the ears of several cats. When the t:p was 
placed in contact with either the head or the foot- 
plate of the stapes, the frequency response curve 
smoothed up to 10 kHz due to the load of the peri- 
lymph. In fact, the vibratory motion of the stapes 
registered by the capacitative probe appearec to be 
a very close reproduction of the electrical waves im- 
parted. Monitoring the cats’ auditory brainstem 
responses to the vibrations of the stapes demon- 
strated that the vibrators still continued to function 
in the animals’ middle ears after more than a year. 


As part of the present study, multidimensional re- 
search on the vibrator has been carried out to deter- 
mine efficacy, availability, and adaptability, in 
preparation for using it in the human ear. This 
paper reports the result of that part of the research 
which answers the following two questions: 1) Can 
the human subject hear sound without harmful con- 
sequences when the stapes is excited by the 
vibrator? 2) Can the human subject distinguish 
speech sound with the vibrator? 


METHODS 


Subjects. Four volunteer subjects with chronic otitis media 
were selected for this study. Preoperatively, conventional air and 
bone conduction audiograms were obtained and speech audiome- 
try was carried out. All the patients understood the purpose of the 
experiment and what would be heard during the operation. 


Fig 1. Functional principle of ossicular 
vibrator. Upper: Crystal with piezoelec- 
tric effect responds by vibrating when 
charged with alternating current. 
Lower: Free end of ceramic bimorph vi- 
brates up and down in response to 
changes in electric voltage. 


Operation. The operation was carried out under local anesthe- 
sia using 1% lidocaine with light preoperative sedation. The pa- 
tients were conscious and alert during the test and their responses 
were reliable, Intact canal wall tympanoplasty was done in one 
patient and tympanoplasty with conservative radical mas- 
toidectomy in the remaining three patients. 


Application of Vibrator. The experiment employed an appara- 
tus, shown in Figure 2, which had been designed to hold the vi- 
brator in the appropriate position. After the proper position was 
determined, the base and the flange of the supporting column 
were temporarily glued using cyanoacrylate. Then the tip of the 
vibrator was attached very carefully and exactly to the head of the 
stapes. Where the superstructures were missing, the vibrator tip 
was attached to the top of a columella standing on the footplate. 


Excitation of Vibrator. As shown in Figure 3, the lead wire of 
the vibrator was connected to the output terminal of the audiom- 
eter, their electrical impedances were matched, and pure tone sig- 
nals from 0.25 to 8 kHz were fed into the vibrator at appropriate 
levels of intensity. Once the patient perceived sound, output in- 
tensity was attenuated step by step until he could hear nothing. In 
this way, the lowest audible intensity level on a decibel scale — 
the threshold — was determined. The read decibel value of the 
attenuator was converted into decibel re 1 V peak-to-peak using a 
conversion table. For convenience this threshold is termed the “vi- 
bration threshold" and the curve plotted for the thresholds of the 
various frequencies tested, the "vibration threshold curve." 


Speech signals consisting of monosyllables selected from the 
Japanese syllabary and a list of one-figure numbers in Japanese 





Fig 2. Implantation of vibrator in middle ear showing ap- 
plianee (a) used to stabilize vibrator (b) which, in turn, is 
connected to stapes by columella (c). 
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Fig 3. Method of excitation cf ossicaker vibrator. 


were fed from a tape recorder (Sony TC3000SD) into the input 
terminal of the audiometer (AA34 Rion). The zero decibel of re- 
corded sound was adjusted to the vibration threshold of 1 kHz. 
The patient's success on discriminating various soumds at each 
10-dB increment was then calculated. The patient's score on this 
discrimination test is termed the “vibratory speech discrimination 
score. 


RESULTS 


In one subject, a 29-year-old man with tympano- 
mastoid cholesteatoma, surgical treatment involved 
a two-staged operation, and the vibration threshold 
was accordingly measured twice, once during the 
first-stage and again during the second-stage opera- 
tion. Figures 4 A,B and 5A compare the preopera- 
tive audiograms and the vibration threshold curves. 
In the case either of air conduction or of vibration 
sound, the patient could not hear sounds of 8 kHz. 
During the first-stage operation, all the ossicles ex- 
cept for the footplate of the stapes were found to be 
missing. The tip of the vibrator was therefore con- 
nected to the remnant of the posterior crus buried in 
the granulation tissue. The vibration -hreshold 
curve showed motility of the footplate was pre- 
served from 0.25 to 1 kHz but sharply reduced 
beyond 1 kHz. Surgery then proceeded, a Silastic 
sheet was placed, and myringoplastv was per- 
formed. After nine months the complete y healed 
and aerated middle ear was reopened. The vibra- 
tion threshold curve now indicated excellent im- 
provement on the motility of the footplate. On the 
other hand, the audiogram (Fig 4B), which was 
taken before the second-stage operation, revealed 
that the air-bone gap expanded further. a result 
which mav be attributed to restoration of aeration 
in the tympanic cavity and to improved motility of 
both inner ear windows. 


Figure 4C compares the speech discrimination 
scores obtained with conventional air cenduction 
speech audiometry and those achieved w:th vibra- 
tory speech signals. With air conduction, a discrim- 
ination score of 100% was obtainable at 30 dB 
above the threshold of 1 kHz for both the monosyl- 
labic and the number lists. With vibratory speech 
signals, on the other hand, the score reack ed 100% 
at 40 dB for the monosyllabic list and at 20 dB for 
the number list, figures which were compatible or 


ever: «iserior to the results of air conduction speech 
audiometry. 


The Table summarizes for all four patients the 
preoperative mean bone conduction and air con- 
cuction thresholds, the maximum speech discrimi- 
natior score and the maximum scores in vibratory 
soeeck iiscrimination. In three patients with mixed 
conduz-ive deafness, speech discrimination scores 
rsachec 100% with both conventional air conduc- 
ton soeech audiometry and the ceramic vibrator. 
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Fig 4. (Patient 1) Audiometric evaluation. A) Before first- 
stage operation; B) Before second-stage operation nine 
mortk: later. C) Speech discrimination score assessed by 
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stage operation. B) (Four patients Pt I 


In the case of the fourth patient, maximum discrim- 
ination with air conduction was 80% , whereas with 
the vibratory speech sounds, it extended to 90 % 
Considering that the discrimination scores for 
vibratory speech signals were obtained in an 
operating room, it can be assumed that speech 
sounds induced by the vibrator will be clearer and 
more intelligible in the soundproof room. The ex- 
perimental evidence suggests that the qualitv of the 
sound induced by the vibrator is not at all inferior 
to that transmitted by the middle ear in its physio- 
logical state. 


In Figure 5B, the vibration threshold curves of all 
the patients are presented. The threshold curves 
showed a é Eu Nope: with its peak at 2 or 4 kHz 

p Within the frequency 
range of id Speechi, however, the threshold 
curve is acceptably flat, and a dynamic range of 
more than 50 dB could be obtained regardless of the 
pathology of the stapes. 


DISCUSSION 


Postoperative follow-up studies on the present 
patients have disclosed no change in bone conduc- 
tion and no additional complaints attributable to 
the intraoperative test procedure. It seems reason- 
able to conclude that the human subject can hear 
sound without harmful effects by using a vibrator of 
this type to activate the stapes. The speech sounds 





Vibration threshold curve. A) {Patient 1) —-—— at first-stage operation; 
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provided by the vibration of the stapes are clearly 
intelligible. The maximum discrimination score for 
vibratory speech sounds can reach 100%, even 
when the score is below 100%, it can still be ex- 
pected to exceed results obtained by conventional 
speech audiometry. 


By registering cochlear microphonic potentials i in 
guinea pigs, Vernon et al' found that a “Denniston 
probe" made of a piezoelectric crystal, when placed 
in contact with the umbo of the eardrum, produced 
a response in the ear which was verv similar to that 
produced bv sound. That experiment also recorded 
the cochlear microphonic potentials while speech 
discrimination test material was being presented 
acoustically both to the external ear and, at a com- 
parable intensity level, to the vibrating probe at- 
tached to the umbo. The recorded potentials were 
reproduced for subjects with normal hearing who 
then judged how intelligible the reproduced sounds 
were; in this way, a speech discrimination was ob- 
tained. The average speech discrimination was 60 % 
with acoustically presented speech signals, whereas 
it was 76% with speech signals transmitted through 
the vibrating probe. The results of the present study 
on human subjects agree with the results obtained 
by Vernon et al' on guinea pigs. In view of all these 
findings, it seems reasonable to conclude that the 
speech signals transmitted by a ceramic vibrator are 


COMPARISON OF RESULTS OF CONVENTIONAL AUDIOMETRY WITH THOSE OBTAINED BY VIBRATORY SOUND. 
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more intelligible than those produced by a conven- 
tional air conduction earphone. 


Previous experiments by the authors have already 
demonstrated that a vibrator of the type discussed 
here can keep functioning in the middle ear of a cat 
for more than a year. In another experiment, the vi- 
brator was dipped in a saline solution at 40°C 
under five atmospheric pressures. Its sens&ivity and 
frequency response remained stable unde: test con- 
ditions for more than 200 days. The consumption of 
electric power is incomparably smaller with the 
present vibrator than with other sound transducers 
such as a magnetic induction coil, which has been 
described by other researchers? * as a potential com- 
ponent of an implantable hearing aid. Accumulated 
experience in performing, for example, a staged 
tympanoplasty employing Silastic sheeting, to- 
gether with ossicular reconstructive surgery using 
carefully selected artificial materials, has eonfirmed 
that the middle ear can accept biocompatible ar- 
tificial material, provided that inflammation has 
been brought well under control. Therefore, once 
aecount is taken of the results of the present study 
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and of the above-mentioned advantageous proper- 
ies of the vibrator, its implantation in conjunction 
with the second-stage operation must be considered 
a surgical technique likely to gain acceptance in the 
very near future. 


Surgical procedure for the implantation of the 
vibrator will be described elsewhere. In this pro- 
eedure, a transmitter in the form of a magnetic in- 
duction coil is implanted to excite the vibrator. The 
sound signals, processed by a microphone and an 
ampli£er outside the ear, are supplied through the 
skin te the transmitter. Planning has been in pro- 
agressor the utilization of the vibrator as an essential 
compoaent of a totally implantable hearing aid. 


Beyend these applications, the vibrator promises 
to bec use in several areas of otology. For example, 
the vibrator might be employed to estimate the os- 
*icular chain functions, normal and pathologic, or 
be used as a device to pick up sound from the ear- 
drum and ossicular chain. Further research will 
eertainly expand the applications of the piezoelec- 
tric ceramic bimorph. 
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Vocal abuse is the best-known etiological factor in contact ulcer. Other factors, such as hiatus hernia and gastroesophageal reflux have 
been discussed. A 12-year study of 58 male patients (mean age 52 years) with present or previous contact ulcers, is reported. Forty-three pa- 
tients were investigated with esophageal function tests, ie, esophageal manometry including pH monitoring, acid- perfusion test, and acid- 
clearing test. Esophageal dysfunction was found in 74% which is significantly higher than the 30% found in the general population. 


INTRODUCTION 


Contact ulcer probably has a multifactorial 
etiology and the patient should be considerec from 
several different aspects. Vocal abuse has been con- 
sidered the most important etiological factor." '? as 
also suggested by Jackson! who first described con- 
tact ulcer. He recommended a treatment consisting 
of vocal rest for long periods, and in some cases, 
vocal rest combined with surgical excision. In 
1947, Peacher and Holinger' reported good -esults 
using voice therapy, since confirmed by others.*^'? 
Patients with contact ulcers have a low- pitch pressed 
quality of voice as their most pronounced feature. 
In addition, they often have laryngeal pain znd ir- 
ritation as well as a frequent need to cough and 
clear the throat. These nonlinguistic phenomena 
together with heavy lifting and straining make the 
vocal processes rub against each other.** Emctional 
stress is considered as another etiological factor.*"? 
Constitutional factors obviously play an important 
role as the patients are almost exclusively males.*'' 


Ward and his colleagues" suggested hiatal her- 
nia, found in 18 of 28 patients with contact ulcers, 
as another etiological factor. Ulcers and granu- 
lomas regressed following antireflux therapy. 
Esophageal reflux has also been discussed earl:er ^? 
and, it is interesting to note, in 1928 Jackson' found 
that "many of the patients complained of waking 
with a choking, strangling cough at night, relieved 
after secretions were coughed out of the trachea." 
He suggested that this was due to oral secretions 
carrying infection. The same symptoms were 
described by Ward and colleagues who related the 
symptoms to esophageal reflux and aspiration of 
gastric content. However, voice therapy, ir some 
instances combined with surgery, has been the 
treatment of choice in many centers. This treatment 
has to be considerably prolonged and the contact 
ulcers often show a high tendency to recur. Tae aim 
of this study was to see if patients with contact 
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ulcers have a higher frequency of esophageal dys- 
function (ED) than the general population. 


MATERIAL AND METHODS 


This study comprised 58 patients, all men, with a mean age of 
52 vears (range 29 to 78). They were treated for contact ulcers and 
granulomas from 1969 to 1980. Twenty-six patients stated a voice- 
straining job and/or were active singers. Five patients worked in 
noisy dos environments. Twelve were smokers, 21 had 
stopped smoking several vears before, and the remaining 25 had 
never smoked. An upper respiratory tract infection preceded the 
symptoms of contact ulcer in 19 patients, and six reported a new 
job or am increased workload. The contact ulcer was twice as 
common on the left side (33 patients) as on the right side (16 pa- 
tients). Nine patients had bilateral lesions. 


Most patients had received voice therapy, and the majority had 
a direct laryngoscopy performed. During the first 7 vears only 
small biopsy specimens were removed, but during the last 3 years 
more often the entire lesion has been excised in an attempt to 
hasten the healing (Table 1). In all, 30 patients had voice therapy 
onlv and 21 had voice therapy combined with surgical excision. 
Seven patients did not receive voice therapy because the symp- 
toms were only minor. One of these, however, had his lesion ex- 
cised. No one was treated for ED. 


The patient records do not allow a retrospective determination 
of the cure-time. We have used the number of sessions of voice 
therapy for each patient as an indirect measure of healing. We 
found no difference between the patients treated with voice ther- 
apy alone and those treated with voice therapy and excision. Both 
groups had an average of about 25 sessions per patient. Most pa- 
tients had completed therapy within 12 months but a few patients 
had considerably prolonged therapy. 


Many patients were not able to work because of voice prob- 
lems. The patients had a mean sick leave of 72 days (range 0 to 
474 days). This information on 43 patients T been obtained 
from the social insurance service. The mean sick leave of the 
general 50- to 54-year-old male population in the same area was 
20 davs in 1980. The reexamination with mirror lary ngoscopy of 
46 patients showed that 11 (25%) had active ulcers. Five of these 
were still under treatment, and six were old cases whose ulcers 
had healed after initial treatment but later relapsed, The history 
of these ulcers varied from 1 month to 5 vears. 


In the 198] follow-up all patients received a postal question- 
naire.'^ Answers were obtained from 52 of 58 patients. Four pa- 
tients had died, and two did not answer the letter. At the follow- 
up, mirror laryngoscopy was performed in 46 patients, and of 
these 43 were tested with esophageal manometry, the acid- 
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TABLE 1. NUMBER OF LARYNGOSCOPIES 
AND EXCISIONS OF CONTACT ULCERS OR 
GRANULOMAS AT TWO DIFFERENT TIME PERIODS 


Time Period 


1969 to 1978 *o 
1977 1986€ 
No. of patients 33 25 
Laryngescopies 20 15 
Excisions 8 14 


perfusion test, and the acid-clearing test. Five patients 3ad moved 
to distant parts of the country and one did not come to the reex- 
amination for other reasons. Another three patients declined to 
participate in the esophageal function tests. The different esoph- 
ageal tests were performed according to the methodology de- 
scribed by Kjeilén." The patients were regarded as having ED if 
one or more of the following criteria were met: positive related 
acid perfusion test, pathological acid clearing test, dysmotility, 
indirect or direct signs of hiatal hernia, and gastroesophageal re- 
flux at abdominal compression. 


RESULTS 


Of the 52 patients who answered the question- 
naire, 15 (29%) had symptoms suggesting ED. 
Forty-three were investigated with esophageal 
function tests, 32 had ED (74%). The same fre- 
quency of dysfunction was found in the group of pa- 
tients with active contact ulcers (8/11) as in those 
without. The different pathological fincings are 
shown in Table 2. 


DISCUSSION 


Ward and colleagues"? stressed the importance of 
hiatal hernia and gastroesophageal reflux as etio- 
logical mechanisms in contact ulcers of tke larynx 
and reported good results with antireflux therapy. 
In the present study, 74% (32/43) of the tested pa- 
tients had ED. If the remaining patients (15) are 
considered as negative there are still 55% (32/58) 
who had ED. About 30% of the general population, 
with an age corresponding to that of our patients, 
have ED." In this connection it has to be noted that 
the esophageal examination was not perfermed in 
close relation to the diagnosis of the contzct ulcer, 
which may influence the results. However, the ratio 
of ED in those patients with a contact ulcer present 
at the esophageal manometry was the same as in 
those without. 


The question is whether ED is of etiolozical im- 
portance in contact ulcers or if there is a common 
denominator for ED and contact ulcer. V'ard and 
colleagues’? suggested that spillover of gastric con- 
tents into the pharynx at night caused a sudden 
awakening, coughing, and throat-clearing, trauma- 
tizing the vocal processes. Another possibility may 
be a direct inflammatory effect on the laryngeal 
mucosa of gastric juice. Respiratory complications 
in gastroesophageal reflux have been described," 
and patients with bronchial asthma have been re- 
ported to have an increased frequency of ED." In 
the patients with bronchial asthma, a neurogenic 
esophagobronchial reflex mediated by the vagus 
nerve has also been suggested. When acid enters the 


TABOO 2. RESULTS OF THE ESOPHAGEAL FUNCTION 
TESTS N 43 PATIENTS WITH PREVIOUS OR PRESENT 
HST ORY OF CONTACT ULCER OR GRANULOMA 





No. of 

E:ophagzal Findings Patients 
Normal findings 11 
Esophageal dysfunction 32 
Hia:al ernia 13 
Gas roeesophageal reflux 22 
Dysmorility 10 
Patiscicgical acid-clearing test 16 
InsufÉcient upper sphincter 9 
Insufficient lower sphincter 5 
Pataciegical acid-perfusion test 3 


lower part of the esophagus, bronchial obstruction 
occurs. A similar reflex mechanism might possibly 
operete in patients with contact ulcers; acid in the 
esophagus may give a cough reflex or cause a laryn- 
geal dysfunction. 


Ur:chel and Paulson?’ studied 636 patients with 
h:ata. Hernia and gastroesophageal reflux. They 
fcuné z high incidence of tracheobronchial and 
pulmonary complications with significant respira- 
tcry <ymaptoms in 61%. In 16%, respiratory symp- 
tcms were the only sign of gastroesophageal reflux. 
In our study only 29% had symptoms of ED. There- 
fcre & seems important to consider laryngeal symp- 
tcms as a possible sign of ED. This was not the case 
ir the questionnaire used in our study. 


In an American veterinary study?! contact ulcers 
were foand in 13.1% of 30,444 cattle larynges. On 
the kasis of bacteriological examinations, an infec- 
tious etxology was suggested. In our study 32% of 
the patients reported an upper respiratory tract in- 
fecticr preceding the onset of the symptoms. This is 
probably one of several triggering factors for con- 
tect ulcers. Smoking, however. does not seem to be 
important for etiology or healing of contact ulcers. 
Ther? was an even lower percentage of smokers in 
the omesent study than in the general Swedish 
popuiston, where in 1976,” about 40% of the 
adults were smokers. 


It was difficult to find a good way to compare the 
healiag effect of voice therapy alone with that of 
voice therapy combined with surgery. There was no 
d.ffe:ence between the two groups of patients when 
counting the number of voice therapy sessions. 
Eowsver, the study was retrospective and covered a 
leng period of time. Many factors may have in- 
fluerced the number of therapy sessions. Theoret- 
ically, however, surgical excisions of at least large 
g-analomas must be considered a prerequisite for 
successful voice therapy.'' The effect of ED treat- 
ment eg contact ulcer has not yet been evaluated 
but wil. be the scope of a future study. 


CONCLUSIONS 


Esophageal dvsfunction may be of etiological im- 
portance in contact ulcer of the larynx since the fre- 
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quency of ED was more than twice as high in pa- 
tients with present or previous ulcers than in sub- 
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jects of corresponding age in the general popula- 
tion. 
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Velocity fields were mapped in a model of a human nasal fossa by laser doppler velocimetry, an innovative, quantitative and nonin- 
vasive method of optical anemometry, and by compnterization. Other pertinent parameters were also calculated. Studies made at dif- 
ferent cross sections of the nasal fossa showed the very definite influence not orly-of shapes and dimensions but also of direction of flow on 
velocity fields. The turbinates had a streamlining effect on the velocity fields wh? the liminal valve had a directional effect. Flow was 
usually greater in the lower half of the fossa and closer ¢o the septum. The flow was generally turbulent. Velocity fields appear to give more 
information on intranasal aerodynamics than the calculated flow and Reynolds number for the sections studied, and this allows one to at 
least theorize that there may be an aerodynamic basis to certain pathologiea i conchtions of the nasal airway and its adjoining cavities, the 


paranasal sinuses, and the eustachian tubes. 


INTRODUCTION 


Many years ago when rhinomanometry was used 
experimentally, it was felt by one of the present 
authors that, although it would eventually become 
a clinical tool to differentiate between var:able and 
fixed nasal obstruction and to quantify the degree of 
each as weil as the result of therapeutic measures,'? 
it would not give information about flow caaracter- 
istics within the nasal fossae. It also became evident 
that measurements of velocity fields within the nas- 
al fossae required the skills of engineers as well as 
those of rhinologists. This paper is the result of 
manv years of collaboration between the engineer- 
ing school of the Ecole Polytechnique of Montreal 
and the Department of Surgery of the University of 
Montreal. It brings to clinical attention some of the 
results published in a thesis for postgraduate studies 
in mechanical engineering, where details of mathe- 
matical formulas and calculations can be found.’ 


This experimental study was carried out to obtain 
velocity fields in the model of one nasal fcssa using 
optical anemometry. Although others*" have stud- 
ied airflow in the nose, this is believed to be the first 
publication of a noninvasive, quantitative. and cy- 
namic study of flow characteristics in a nasal fossa. 
A velocity field is the tridimensional presertation of 
air velocity distribution through a cross seetion of a 
conduit. It is a dynamic data as opposed to static 
data obtained by pressure gradient. 


Measurement of velocity field by a laser doppler 
velocimeter (LDV) required the use of a trensparent 
model of the nasal fossa. Since no previcus study 
had been done utilizing this technique, no points of 
reference were available and readings were made at 
cross sections that appeared to be of theoretical and 
clinical importance. Measurements were n:ade only 


for continuous flows. The results are valid only for 
the aerodynamic effects of the shapes and dimen- 
sions of the nasal fossa. These results do not take in- 
to aecount the biological effects of elasticity, the 
variation in anatomy, the effect of the mucosa and 
the mucus covering of the human nose. 


MATERIALS AND METHODS 


Experimental Setup. A calibrated flow of air containing stan- 
dardizeeé water particles in suspension was pumped through the 
mode: preparation. Pinpoint air velocity was determined by mea- 
suring the speed of water particles with the LDV. The experi- 
mental setup (Fig 1) consisted of the model of one nasal fossa, an 
air pump, a particle generator, and an LDV. The LDV was 
mounteeé on a grid system in such a way that mapping of air 
velocity fer any cross section of the model was possible. 


Modei. The model was prepared from the imprint of a normal 
haman icxsa and pharynx. Silicone (GE RTV-118) was injected 
with a lage syringe and a catheter through the nostrils of a 
cadaver. filling the nasal fossae and upper pharynx. There ap- 
peared ko be no deformity induced by the introduction of the 
silicone. 


After adequate curing of the silicone, the anatomical material 
was dissected from the imprint which was then immersed into li- 
quid dieplastic. After proper curing. a sagittal division of the 
b:ioplastic sloc was made at the area of the septum and the im- 
print was removed from the bioplastic model. Because of the op- 
tical eharacteristics of the laser anemometer, the septum of the 
mode had to be replaced by a thin sheet of transparent acrylic 
which veas sealed to the model. The model reproduced only that 
perticn «ithe pharyngeal airway corresponding to the nasal fossa. 
Acrylic tubes were fitted to the vestibule and to the pharyngeal 
ends ef the fossa to allow connection with the air-generating ap- 
paratas. The internal dimensions of the model were obtained us- 
ing the EDV mounted on a grid system (Fig 2). 


Laser Doppler Velocimeter. A 15mW ThermoSystems (TSI 
900-2: laser (He-Ne) doppler velocimeter was used to measure air 
velocity in the model. In fact, the LDV measures the speed of very 
small particles introduced in suspension into the airflow. The 
laser beam is a coherent light source, and when a particle passes in 
front of it, a decrease in the intensity of the light takes place. If 
more then one particle passes in front of the light source, areas of 
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high- and low-light intensity are created. These areas are then in- 
terpreted by a photocell as variation in frequency linearly propor- 
tional to the speed of the particles when these particles are 
generated in homogeneous quantity; dimension and the velocity 
of the airflow at that point can be determined. 


Particle Generator. A ThermoSystems TSI 3060 particle 
generator was used to produce the water particles utilized in this 
study. This generator produces aerosol droplets through the ultra- 
frequency vibrations of a crystal. The size and quantity of water 
particles introduced in the model were controlled by passage of 
the aerosol through a filtration chamber. 


Airflow. A 3.29 L's (10 L/min) Fleisch pneumotachograph and 
a Statham PM5TC pressure transducer of + 28 mm water capa- 
city were used to measure the flow of air through the medel. Par- 
ticle generator on and off readings indicated no detectable change 
in flow rate, therefore, it was assumed that the hurridity in- 
troduced by the particles did not affect the calibraticn of the 
pneumotachograph. The pressure gradient of the model was mea- 
sured with a Statham PM 15E pressure transducer of + 106 mm 
water capacity. 


A Statham SC 1100 conditioner was used to ensure proper 
voltage in the Wheastone bridge at low-flow condition. An elec- 
tronic filter was used to eliminate the 60-Hz interference of the 
electronomometer exit voltage. 


A continuous flow rate of 0.166 L/s was selected for this experi- 
mental study. This flow rate is a compromise betweer a mean 
flow rate through one nasal fossa taking into account the presence 
of the nasal cycle and the peak flow rate for normal breathing. 


Nasal Fossa Cross Sections Studied. The five cross sections 
studied are shown in Figure 2. Section A is the liminal valve area. 
This is the area where the greatest resistance to airflow takes 
place. It has been called the "flow-limiting segment. "* Sections B, 
C, and D are the preturbinal, turbinal and postturbiral areas, 
respectively. These areas present a great variation in cross section 
according to the height of the fossa. Excluding the variation in 
size of the turbinate due to the nasal cycle, it was obvicus that a 
knowledge about the velocity field before, during, and after the 
turbinal area could help in understanding the aerodynamic role of 
the turbinates. Section E is the area of the nasopharvnx. This 
area, immediately behind the nasal fossa, is importan: because 
the airflow changes direction in a small cross section. Sections C 
and E were studied for inspiration only and data is reported in the 
Table only. 


Procedure of the Experimental Study. The laser source was 
mounted on a grid system allowing movement and positioning in 
three dimensions. Exact positioning of the laser beam was thus 
possible for the three coordinates of depth, width, and height in 
relationship to the immobile nasal model. This reproducible and 
precise "fix" of the laser beam was used to determine the velocity 
at all measurement points. 


In Figure 3, depth represents a given cross section of the nasal 
fossa on an anteroposterior line from the vestibule to the naso- 


Fig 1. Experimental setup. 


= = 


pharynx. The width is found on ordinate OX and the height on 
ordinate OY. Note that the normal anatomical orientation has 
been reversed, the floor of the nose being “up” on the drawing 
and the roof being “down,” because the tridimensional effect of 
the plotting of the measurements of velocity is best visualized this 
way. The third ordinate, OX, shows the velocity of a particle 
measured at one coordinate (as indicated by the arrows on the 
grid). The interrupted lines parallel to ordinate OX and joining 
the arrows are velocity profiles. Thev were obtained for each cross 
section by moving the laser beam along ordinates OX and OY, the 
measurements being made from the septum to the lateral wall 
and from the floor to the roof of the nose. The distance between 
the measurement points varied from 0.1 mm to 0.5 mm depend- 
ing on the irregularity of the cross section. Between 100 and 350 
measurement points were made for each section. 


Measurements at each cross section were validated by integra- 
tion planimetry and by numerical integration. The velocitv pro- 
files measured for each cross section were integrated by planime- 
try and by the simple formula V=fX, where V= velocity, 
f = function of the distance X. The cross section measurements 
were considered valid when the integration values were within 
10% of the present flow of 0.166 L’s through the model. These 
values were also spot-checked by the more complicated numerical 
integration method. 


RESULTS AND ANALYSIS 


Velocity fields for Sections A, B, and D during in- 
spiration and expiration are shown in Figure 4. 
These velocity fields are tridimensional representa- 
tions of the flow obtained bv computer processing 
of all measurement points for each cross section. As 
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Fig 2. Outline of model with measured dimensions. Sec- 
tions of measurements are A, B, C, D, and E. 
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CALCULATED DATA FOR SECTICSS A THROUGH E 
Cross Ono m Q T Di 
Section Tcm XT cm AT cm V cm/s cm/s cm/s d He 
Inspiration 
A 3.06 0.614 1.879 96 164 180 + 9.8 1,320 
B 4.7] 0.635 2,69] 66 177 198 + 11.9 992 
C 5.00 0.504 2.521 62 170 157 7.6 765 
D 2.44 0.957 2.536 14 177 172 — 2.8 1,360 
E 1.16 0.734 0.851 197 173 168 — 3.1 9,380 
Expiration 
A 3.05 0.621 1.894 83 165 157 — 49 1,150 
B 4.07 0.533 2.651 59 165 157 — 4.9 165 
D 9.21 1.013 2.839 69 165 155 — 6.1 1,290 


YT - Max height cm: XT - Max width cm: AT - Cross section cm?; V - Flow cm?/s; Qnom 
cm^/s; Diff - Difference between nominal and calculated flow percentage: Re - Rey: 


v = Viscosity of air 20°C - 0.149 em'/s). 


previously mentioned, the normal anatomical ori- 
entation has been reversed; the floor of the cavity is 
up and the roof is down on the printout. The print- 
out is not an exact anatomical representation of the 
normal fossa. The constant velocity curve allows 
convenient localization of maximum velocity and 
flow. Flow is said to be more uniform or stream- 
lined when the constant velocity curves are longer. 
Uniform flow indicates a more even distribution of 
air through the cavity with lower peak velocity. 


The foliowing values were also calculated for 
each cross section: the maximum height, Y,, the 
average width, X,, the cross section area, Az, the 
hydraulic diameter, D,, the average velocity, V, 
and the Reynolds number, Re. These values are 
shown in the Table. 


Section A is located immediately posterior to the 
liminal valve. It is the smallest and the most regu- 
larly shaped nasal cross section. 


The velocity profile obtained during irspiration 
is reported in Figure 4A(1). It shows a flow in excess 
of 105 emis near the floor and lateral aspect of the 
section. This high velocity was believed to be due to 
the directional effect of the liminal valve. A low 
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Fig 3. Three-dimensional coordinate system used in map- 
ping velocity fields by computer. 


Nominal flow introduced in the model cm*/s; QT - Calculated flow 
eds number = VDH, (V= Velocity, DH = Hydraulic diameter, 
T 


*ondition is present in the upper part of the 
section. 


flow 
Cross 


Tae velocity profile obtained during expiration is 
repor ed in Figure 4A(2). The flow is more uniform- 
ly dis ributed through the whole section; it is only 
slighty more elevated in the lower portion. The 
veloczr field has been considerably streamlined 
when eompared to Section B, reported in Figure 
4B(Z) This streamlining effect takes place a short 
distaree after passage through the turbinate area. 


Section B is located at the beginning of the tur- 
binate area during inspiration and at the end of it 
durin » expiration. It is the largest nasal cross section 
area end is irregularly shaped. 


The velocity profile obtained during inspiration 
is reperted in Figure 4B(1). This velocity field is not 
quite aciform and greater velocity is noted near the 
septum. 


The velocity profile obtained during expiration is 
reported in Figure 4B(2). This velocity field is ir- 
reguier and nonuniform. Velocity is greater in the 
lower portion of the section. 


Dv eomparing the velocity profile obtained in 
Section B during inspiration [reported in Fig 4B(1)] 
to the velocity profile obtained in Section D [as re- 
portec in Fig 4C(1)], one can see that the velocity 
field Las become more uniform after the turbinate 
area. Te turbinate area is deemed to have a stream- 
liningeffect. 





Seeon D is located after the turbinate area dur- 
ing iazpiration and before it during expiration. The 
cross section area is regularly shaped. Being three 
times arger than cross section E, the flow therein is 
three ‘imes slower than in Section E, as shown in 
the Teble. 


is reported in Figure 4C(1). The velocity field is 
general y uniform. A small area near the floor of the 
septuri shows a greater velocity than at any other 
portion of this section. 
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Fig 4. Velocity fields at A) Section A; B) Section B; and C) Section 
D. D) Inspiration; 2) expiration. 


The velocity profile obtained during expiration is 
reported in Figure 4C(2). The flow reaches this sec- 
tion after a sharp change of direction current in the 
nasopharynx. The change of direction creates an ir- 
regular velocity field. The greatest velocity was 
measured almost at the center of the section. The 
change of direction of flow during expiration seems 
particularly important in Section D because maxi- 
mum velocity of 200 cm/s is reached while a max- 
imum velocity of only 100 cm/s is obtained during 
inspiration. This difference is explained by the 
nature of the velocity fields, the inspiratory field be- 
ing much more uniform than the expiratory field. 
In inspiration the flow has been modified bv all sec- 
tions of the nose including the turbinates, whereas 
in expiration it has been modified only by the naso- 
pharynx and the change in direction of the airway. 


The results for all Sections shown in the Table in- 
dicate that, if the criteria of flow mode inside chan- 
nels used in aerodynamics are considered, the flow 
in the nose is mainlv laminar, except in Section E (a 
flow is laminar if the Reynolds number is smaller 
than 2,100; it is in transition and turbulent if the 
number is greater than 2,100). Although the mean 
flow reported in the Table was calculated to be 
laminar or in transition in this study, except for Sec- 
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tion E, strong local turbulence in velocity fields was 
detected by LDV, especially in areas where the ve- 
locity exceeded the mean flow. The twc-dimen- 
sional velocity profile in Figure 5 and the tridimen- 
sional velocity profiles in Figure 4A-C, indicate a 
turbulent flow. The difference between lam:nar and 
turbulent flows in shown in the inset of Figure 5. 


DISCUSSION 


Characteristics of the flow of fluids in biology 
have been studied in relation to the effects cf shapes 
and biological tissues. In the dolphin, the skape was 
demonstrated to change the boundary layer of the 
surrounding fluid in such a way that the ‘low be- 
came laminar. allowing greater speed with less 
energy requirement.” The mucus coating of the fish 
reduces surface tension and also allows greater 
speed with energy saving. Likewise, it was believed 
that fluid flow within the nasal fossa was in luenced 
by geometry and biological tissues. The :tudy of 
characteristics of flow of fluids within such an irreg- 
ular passage as the nasal fossa was delicate. We d: id 
not use the hot- wire technique to determine velocity 
because it could not be precise enough due to probe- 
effect, and also because it was not versatile enough 
to obtain the numerous measurement points desired 
to determine velocity fields. The optical laser ane- 
mometric technique overcomes these d:sadvan- 
tages. On the other hand, it required a transparent 
wall in lieu of the septum and only half of the nas- 
opharyngeal space. We considered that, although 
the experimental model did not exactly simulate 
biological conditions, the shortcomings were consis- 
tent in both phases of respiration, and the effects of 
geometry on velocity fields were valid. 


Thus, this pilot study is felt to be important be- 
cause not only does it demonstrate a considerable 
influence of shapes and dimensions on velocity 
fields in the nasal cavity but also because it intro- 
duces a new technique of measurement in rhino- 
logic research. 


This study substantiates the hypothesis that there 
are aerodynamic factors in the genesis of certa.n 
specifically located conditions such as atrophy ar.d 
metaplasia of the mucosa of the septum ir. area 2, 
posterior epistaxis usually posterior to a septal də- 
formity, carcinoma of the head of the middle tur- 
binate in hardwood workers,'? and pathophysio- 
logical disturbances of the communicating para- 
nasal sinuses and eustachian tubes,'? and even the 
inner ear." 
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Fig & Typical velocity profile at Section E. Inset are gen- 
eral cuélines of laminar and turbulent flows for reference. 


Further studies should be carried out using the 
same teehnique with models simulating biological 
conditions as well as changes in geometry en- 
countered in pathological noses. Since this paper 
was prepared, whole-organ section technique has 
been a:xlied to the study of the anatomy of the nose 
and paranasal sinuses," opening up new horizons in 
model reproduction. 


CONCLUSION 


Velocity fields obtained by computerizing data 
measured by laser optical anemometry in the model 
of a humaan nasal fossa showed that 1) airflow was 
streamtired or made more uniform by the tur- 
binates with lower peak velocity, 2) velocity was 
greater near the septum, 3) the liminal valve has 
directienal effect on flow during inspiration, and 4) 
flow wes usually greater in the lower half of the 
fossa. 


Altheagh the flow obtained by calculation of the 
Reynolds number was laminar for the nasal fossa, 
the velec:ty fields and profiles indicated it to be tur- 
bulent.. 


The «ect of geometry on velocity field was very 
striking. This was particularly evident in Section A 
(Fig 4A}, and Section D (Fig 4C). In each section 
there wes a marked difference between the inspira- 
tory ame the expiratory profile. 
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ASSOCIATION OF OTOLARYNGOLOGY ADMINISTRATORS 


A national association for persons who administer the business affairs of otolaryngology practice groups was established March 1, 
1983, at Washington University, St Louis. The group, formally known as the Association of Otolaryngology Administrators (AOA), is an 
outgrowth of a meeting involving managers from a number of academic and private practice groups. The first activity of the new organiza- 
tion will be a national meeting October 25-26 in Anaheim, California, which coincides in part with the annual meeting of the American 
Academy of Otolaryngology. 


The general aim of AOA is to foster professional management in otolaryngology. Strategies for achieving this objective include giving 
the management function greater visibility, providing appropriate educational prozrams, and creating a forum for the discussion of prob- 
lems and the exchange of information specific to the specialty. 


The need for an association which focuses on otolaryngology management results from both internal and external pressures. Internal- 
lv, the scope of otolaryngology practice has broadened taroughout this century and moved, in the recent past, from a field dominated by 
solo practice to one in which group practice is the prevalent model. 


At the same time these structural changes have taken place, the nature of medical practice has changed and the management of a 
practice has become more complex. The physician group faces an economic problem. Does the group use its most precious resource, the 
time and energy of the physicians, to administer business affairs or does it focus thet resource on the primary function of the group, which 
only physicians can perform, the practice of medicine? 


As the business aspects of medical practice become more involved with social, economic, and political issues, managers and physicians 
need to deal with the increasing complexity by sharing information, comparing data, and developing a more complete understanding of 
trends in medical economics. Existing managerial organ:zzations do not currently provide data on the specialty or a vehicle for identifying 
those individuals with this common interest. They do, however, provide more general information of value. 


It is to fill this gap in shared information and perspectives that the AOA has been formed. Members of the executive committee are 


Tennessee); Dean Larson of Mayo Clinic (Rochester, Mianesota); Sheri Ridge of University Otolaryngology Associates (Indianapolis); and 
Randall P. Wright of Baylor University (Waco, Texas). 


Persons who act in a business affairs capacity in eitber an academic or private practice group are eligible to join the association as ac- 
tive members; others may join as associate members. For further information write Patrick R. Connolly, Acting President, AOA, Depart- 
ment of Otolaryngology-Head and Neck Surgery, University Hospitals, Iowa City, 2owa 55242. 
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AUDITORY FUNCTION IN CHILDREN WITH DIABETES MELLITUS 
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Fifty-one insulin-dependent diabetics and 13 noadiabeties between the age: of 8 and 21 years, without a history of exposure to noise, 
ototoxic drugs or ear disease, were evaluated to examine the relation between auditory function and diabetes, diabetic control and diabetic 
complications. Audiologic assessment included pure-tone audiometry, speech aadiometry, impedance measures and brainstem evoked 
response audiometry. No statistically significant differences in auditory functiormvwere noted between insulin-dependent diabetics and nor- 
mal controls, between the diabetics in good or poor control or between diabetzes with or without neurologic or vascular complications. 


INTRODUCTION 


A review of the literature by Axelsson et al re- 
vealed that audiologic test results of juvenile cia- 


betics varied widely.' 


Jorgensen and Buch con- 


cluded that diabetic hearing loss was of cochlear or- 
igin because some of their subjects showed recruit- 
ment.? They also found a correlation between dia- 
betic retinopathy and hearing impairment. Axels- 
son and Fagerberg found normal pure-tone thresh- 
olds but a minor degree of impairment ir auditory 
function using speech, distorted speech, Eekesy au- 
diometry, anc directional audiometry.’ They found 
no correlation between hearing impairment and 
duration cr severity of diabetes mellitus. Other in- 
vestigators have confirmed these results.* * Marullo 
tested 60 diabetic patients with an extensive battery 
of audiometric tests and concluded that both retro- 
cochlear and cochlear pathologies existed.* Fried- 
man et al reported subclinical but widespread hear- 
ing abnormalities in diabetic patients wita neurop- 
athy.’ They found that hearing loss occurred at 
many frequencies, refuting the hypothesis that dia- 
betic hearing loss is similar to presbycusis which af- 
fects mainly the high frequencies. They speculated 
that hearing abnormalities were related te auditory 
nerve dysfunction. Osterhammel and Christau ex- 
amined a group of insulin-dependent diabetics and 
nondiabetic patients and found no significant dif- 
ferences in pure-tone thresholds (250-20.000 Ez), 
speech reception thresholds, speech discrimination 
scores, or stapedius reflex thresholds between the 
two groups.” In addition, they found no significant 
differences in audiologic findings between those pa- 
tients with and those without retinopathy. In sum- 
mary, conflicting findings about the effects of and 
relation between diabetes and auditory function ex- 


ist. 


The goal of this study was to compare auditory 


funetien in young insulin-dependent diabetic sub- 
jects, with and without neuropathy, retinopathy or 
other diabetic complications, to auditory function 
in en age-matched group of normally hearing non- 
diabetic subjects. Children were chosen for this 
study so ne the compounding effects of noise ex- 
pesure and age on auditory function would not be 
as likey as in an older population. The diabetic 
ehildzen were closely monitored for possible pro- 
gression of diabetic complications. 


METHODS 


Subjects. Fifty-one insulin-dependent diabetic subjects be- 
tween the ages of 8 and 21 vears participated in this study. All 
were participants in the Diabetes Registry program of the Dia- 
betes Research and Training Center of the Washington University 
School of Medicine and were undergoing a three-day in-hospital 
evaluation as part of this program. Audiometric testing was incor- 
porateé into the studies. Thirteen nondiabetic children matched 
for ageaiso underwent audiometric testing and served as controls. 
All studies were performed after obtaining parental consent ac- 
cording to protocols approved by the Human Studies Committee 
of the Washington University School of Medicine. None of the 
subjects included in the study had a history of hearing problems, 
ototoxi- drug intake or excessive noise exposure. 


Diabetes Registry Evaluation. During the three-day hospitali- 
zation, such subject's diabetic control was assessed by measure- 
ment of Lasting plasma glucose, hemoglobin Ae (Aic) and 24-hour 
unnar ed oF puce Benes bin At, oe A 
at he's N--erminus s of the beta chain, was easel by hich -per- 
formance liquid chromatography as described by Davis et al.'? 
The A,- has been shown to be a reliable indicator of blood g glucose 
Pon ever the preceding two to three months. In our labor- 
atorv, the mean A,-, expressed as percent of total hemoglobin in 
nondiabe- ics, is 695; 95% have values below 8.495. However, the 
mean, + one standard deviation (SD), for 290 insulin-dependent 
diabetie subjects is 11.9% + 2.7%, with only 6% having values 
below 3.4% . 


Other studies performed during the evaluation included com- 
plete blend count (CBC), urinalysis, sequential multiple analysis 
(SM A-6/12), thyroid function tests, and a renal evaluation (in- 
cluding 24-hour urinary protein measurement). Fasting plasma 
cholesterol and triglvcerides were measured. Hyperlipidemia was 
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Fig 1. A) Mean pure-tone thresholds and standard devia- 
tions. B) Mean ARTs and standard deviations. O—O -Di- 
abetic (N = 47); € — € - Nondiabetic {N = 13). 


defined as values above the 95th percentile for age, sex and race- 
matched controls according to deGroot et al." Evaluation <or the 
presence of neuropathy included a neurologic examination and 
nerve conduction velocity studies. Motor nerve conduction veloci- 
ty was decermined in the right median and right posterior tibial 
nerves; sensory nerve conduction velocity was determined in the 
right median nerve using a 2-channel electromyography (EMC) 
system (Disa Electronics, Franklin Lakes, NJ). Ophthalmologic 
evaluation for the presence of retinopathy consisted of a careful 
ophthalmologic examination after pupillary dilatation by an ex- 
perienced ophthalmologist, and the examination of fundus photo- 
graphs. 

Within the group of diabetic subjects, seven had peripheral dia- 
betic neuropathy, eight had hyperlipidemia, and ten had back- 
ground diabetic retinopathy. None had proliferative retinopathy 
or significant proteinuria. None of the subjects had diabetes in- 
sipidus or optic atrophy. 


Audiometric Testing. Audiometric testing for 47 of the d abetic 
subjects and the 13 normal subjects included pure-tore and 
speech audiometry, tympanometry, acoustic reflex thresholds 
(ARTs) and reflex decay." Pure-tone and speech audiometry was 
administered in an IAC (Industrial Acoustic Co) booth with a 
Maico 24 audiometer using TDH-49 earphones and MX-4. cush- 
ions. The ambient noise level in the booth was 24 dBA as mea- 
sured by a Bruel and Kjaer 2112 sound level meter. Speeeh ma- 
terials (spondees, NU-6 word lists and Rush Hughes word lists) 
were recorded on magnetic tape and played back through a Sony 
TC-337 tape deck. Tympanograms, ARTs and acoustic reflex 
decay were measured during a Madsen Z073 impedance bridge. 
The Anderson test of reflex decay was used at 500 Hz anc 1,000 
Hz (that is, the tone was presented at 10 dB above the ART for ten 
seconds). 





To further test the hypothesis that children with diabetes may 
have auditory dysfunction, eight diabetic subjects were tested us- 
ing brainstem evoked response audiometry (BSER). Four of these 
eight subjects were not included in the audiometric testing de- 
scribed above. High-frequency clicks were presented at 70 dB SL 
to subjects via earphones. Electric responses were averaged and 
recorded using Nicolet CA-1000 equipment to obtain interwave 
latencies of Jewett waves I-V. 


Data Analysts. The audiometric data were analyaed using com- 
puter program BMCP2V," a repeated-measures design of the 
F-statistic. The subjects were divided into an older group (age 
15-21 years) and a younger group (age 8-14 years), based on the 
assumption that ear and head configuration of young children 
produce slightly different hearing norms than those found in 
adults. Average pure-tone thresholds for the older group were 
compared to results of a normative study by Corso'* while those 
for the younger group were compared to results obtained by 
Eagles et al.'* Average pure-tone thresholds for our small non- 
diabetic group were not statistically different from the normative 
studies using larger groups of subjects and therefore appeared to 
be a representative sample of normally hearing subjects. They 
served as normal controls. 


Interwave latencies for Jewett waves I-V in BSER studies were 
compared to those obtained by Chiappa et al.'5 Statistical analysis 
of data for BSER was performed using the t test. All results are 
reported as mean + SD. 

RESULTS 


Diabetic v Nondiabetic. Analysis of the data 
revealed no statistically significant differences in 
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Fig 2. A) Mean pure-tone thresholds and standard devia- 
tions. B) Mean ARTs and standard deviations. O—0O - Di- 
abetics with ne athy (N= 7); € — € - Diabetics with- 
out neuropathy (N= 40). 
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mean pure-tone thresholds between diabetic and 
nondiabetic children of either age group (Fig 1A). 
Although no statistically significant differences 
were found, mean pure-tone thresholds for the 
diabetic group were slightly poorer at every fre- 
quency (except 250 and 8,000 Hz) than those for the 
nondiabetic group (Fig 1A). 


There were no statistically significant differences 
in mean ARTs between the diabetic ard nondia- 
betic populations. The ARTs were slightiy better in 
the diabetic group (Fig 1B). 


Relationship Between Auditory Function ana Di- 
abetic Complications. Within the diabetic popula- 
tion a correlation was sought between mean pure- 
tone thresholds and diabetic complications anc be- 
tween mean ARTs and diabetic complications. No 
statistically significant relation was found between 
auditory function and the presence of any of the fol- 
lowing complications: peripheral neuropathy (de- 
fined by abnormal nerve conduction velocities, Fig 

25 background retinopathy (Fig 3) or hyperlipid- 
emia (Fig 4). 


Relationship Between Auditory Function ana Di- 
abetic Control. Mean fasting plasma glucose, 
24-hour urinary glucose, and Aic were 206 +70 
mg/dl, 39.52 31.5 g/day and 11.82 2.5 75, respec- 


FREQUENCY (Hz) 








250 500 1000 2000 4000 8000 
-=A 
=? 
z Q ECRIRE RA E SR E ERR RE NERIS — oS RES EEEENIET ES 
= O 
2 | | ! D 
« 4 A «S | 
I ó CS | 
n | | | 
TES S8 
10 
A 12 
500 1000 2000 4000 
B 
Fig 3. A) Mean pure-tone thresholds and stancard devia- 
tions. E) Mean ARTs and standard deviations. :;— © - Di- 


abetics with background retinopathy (N = 10); € — € - Di- 
abetics without retinopathy (N = 37). 
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ix 4. A) Mean pure-tone thresholds and standard devia- 

tiers. B) Mean ARTs and standard deviations. ©— © - Di- 

= with hyperlipidemia (N= 8); @—® - "Diabetics 
trout hyperlipidemia (N = 39). 


tively Four percent of our diabetic subjects had A,c 
values below 8.4%. These results are similar to our 
larger population of insulin-dependent diabetics, in 
who: the mean Ac was 11.9% and 6% had valves 
below 8.4%. Using the arbitrary A,c of 12% to 
separate those diabetics in poor control from those 
in fzi--to-good control, 56% were in fair-to-good 
contrel, (A,cx 12%), and 44% were in poor control 
(A.c<12%). There were no statistically significant 
differences in mean pure-tone thresholds and mean 
ARTs between diabetics in poor control and those in 
faiz--e-good control (Fig 5). However, except at 
8,0)9 Hz, mean pure-tone thresholds were slightly 
poore- in subjects with poor diabetic control (Fig 
5A). Mean ARTs, except at 500 Hz, were also slight- 
ly peerer in the group with poor diabetic control 
(Fig zB). 


Brainstem Evoked Response. The mean inter- 
wave latency for Jewett waves I-V in our insulin- 
deperdent diabetic population was 4.02 ms, and 
did aet differ from the mean in a normative study 
by C hiappa et al.'* Interwave latencies for Jewett 
waves I-V were within one standard deviation of 
the mean in seven of eight subjects regardless of the 
presemce of diabetic complications. Only one sub- 
ject tad interwave latencies (4.34 ms) ‘that were 
grea:er than one standard deviation from the mean. 
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Fig 5. A) Mean pure-tone thresholds and standard devia- 
tions. B) Mean ARTs and standard deviations. C-— C - Di- 
abetics in poor control (N = 21); € — e - Diabetics in fair- 
to-gcod control (N = 26). 


This patient had no detectable diabetic complica- 
tions. In the only subject with peripheral neuropa- 
thy, interwave I-V latencies were within one stan- 
dard deviation of the mean given by Chiappa et 


al 16 


DISCUSSION 


Although diabetes mellitus has been stated as a 
cause of hearing loss,” studies of auditory function 
in diabetic subjects have given conflicting results. 
Jorgensen and Buch? reported that 41% of €9 dia- 
betic patients tested had hearing loss which was sec- 
ondary to diabetes. However, only 5 of the 26 pa- 
tients (19%) with hearing loss were free of ad- 
vanced diabetic complications and were under 50 
years of age. Friedman et al’ reported a 55% inci- 
dence of sensorineural hearing loss in 20 diabetics 
between the ages of 22 and 70 years with well-es- 
tablished peripheral neuropathy. Some of these sub- 
jects were over 50 vears of age, and many were not 
insulin-dependent. In contrast, Axelsson et al,’ Os- 
terhammel and Christau* and Aantaa anc Leh- 
tonen’? failed to demonstrate abnormalities in hear- 
ing among diabetic subjects regardless of duration 
of diabetes or the presence of diabetic complica- 





tions, but found abnormalities only after the ap- 
pearance of severe microangiopathic complications. 
One problem with many of these reports is the di- 
versity of the diabetic groups studied. Subjects in- 
cluded both young and old patients with varying 
degrees of diabetic complications ranging from 
complete absence to the presence of severe, life- 
threatening complications. For most of these studies 
the presence or absence of diabetic complications 
was determined clinically but not by sensitive 
biochemical and physiological parameters. Little or 
no attention was paid to the correlation of auditory 
dysfunction with sensitive measures of diabetic 
complications. Specifically, peripheral nerve con- 
duction velocity data were absent. Although severe 
complications of diabetes mellitus, such as pro- 
liferative retinography, neuropathy and nephrop- 
athy, occur in only about 30% to 50% of diabetic 
subjects,” milder subclinical forms of complications 
are more common and, at present, easily identified .?? 


The present study was undertaken to determine 
whether young insulin- dependent diabetics had evi- 
dence of auditory dvsfunction, and whether or not 
any such auditory dy sfunction could be correlated 
with sensitive techniques for determining the 
presence or absence of diabetic complications or 
with the degree of diabetic control. 


No significant abnormalities of auditory function 
were found in the group of 51 voung insulin-de- 
pendent diabetics studied. Although none of these 
subjects had advanced forms of microangiopathic 
complications, seven had abnormal peripheral 
nerve conduction velocities and ten had back- 
ground diabetic retinopathy. There was no ap- 
parent correlation between auditory function and 
these mild forms of diabetic complications. Fur- 
thermore, there was no correlation between audi- 
torv function and diabetic control. 


Although no significant abnormalities were de- 
tected in the present study, conclusive evidence that 
insulin-dependent diabetes mellitus has no effect on 
auditory function over long periods of time is still 
lacking. Most diabetic complications increase in in- 
cidence with increasing duration of diabetes;'? the 
subjects in this study had diabetes mellitus only for 
a short time (1 to 6 vears). In addition, the test per- 
formed in this and most previous investigations of 
hearing in diabetics may not be sensitive enough to 
detect mild abnormalities which might precede 
more severe, clinically apparent hearing losses. 
Long-term prospective studies of auditory function 
in a larger number of insulin-dependent diabetic 
subjects are needed to evaluate fully the possible 
association between diabetes mellitus and auditory 
function. These studies should include a careful 
classification of the diabetic disease and careful 
monitoring for complications. In addition, these 
studies should include more sensitive measures of 
the presence of complications, such as peripheral 
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nerve conduction velocity studies, fliorescein 
angiography and vitreous fluorophotome:ry. Fur- 
thermore, consideration should be given for in- 
cluding tests of auditory function which are more 
sensitive and give further information tə site-of- 
lesion. 
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Aitkough our initial attempt to use BSER audi- 
ometr failed to show significant alteration in la- 
tency f auditory pathway responses, the number of 
subjecés studied was far too small to be conclusive. 
Furthe- investigations should include more subjects 
in this area. 
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BASOPHILIC DEPOSITS IN THE STRIA VASCULARIS 
A CLINICOPATHOLOGICAL UPDATE 


GEORGE M. ZAYTOUN, MD 


BEIRUT, LEBANON 


Basophilic deposits in the stria vascularis have beea found in association with a multitude of disease entities. Their true significance 
and nature remain obscure. In the temporal bone collection at the Massachusetts Eve and Ear Infirmary are 22 cases with basophilic 
deposi in the stria vascularis. The ages of the subjects studied ranged from two o days to 83 vears. a of the stria V ascularis was the 


phism. Special iis sciemical stains suggest they contain b Hy pertension er uremia were ow health a most of the Mee ects 
were suffering from during life. A theory is advanced as to the immune complex nature of these deposits. A review of the literature con- 


cerning this subject is also offered. 


REVIEW OF THE LITERATURE 


The earliest available report concerning abnor- 
mal deposits in the stria vascularis dates back to 
1906 when Goerke' described "cystic formations 
and spherical hyaline aggregates in the stria vascu- 
laris" of a patient with congenital deafness and 
retinitis pigmentosa. In 1927, Nager? described a 
similar entity. In 1934, Rollin? reported oa baso- 
philic deposits in the stria vascularis in normal- 
hearing individuals and labeled them as calcium de- 
posits. Yamakawa’ in 1938, labeled these as "phle- 
boliths in a case of Meniére's disease." Later in 
1950, Altmann? ealled these deposits calcified 
thrombi in capillary endothelia. In 1954, Lindsay 
and Hemenway’* reported on “amorphous exudates 
that overlie an inflammatory focus in a partially 
missing stria.” In 1958, Keleman’ described “ag- 
gregates" in the stria vascularis of a 3-week-old in- 
fant with toxoplasmosis. He thought they were cal- 
cific deposits. In that same year Hinojosa," in a 
study of the temporal bones of the progeny of a 
mother with pseudohypoparathyroidism, described 
calcific deposits in the stria vascularis and spiral 
ligament and suggested they were “end-products of 
a disturbed calcium metabolism.” Further support 
for this last theory was the presence of these deposits 
in the stria vascularis in cases of otosclerosis, Paget's 
disease, and toxoplasmosis. Hypervitaminos:s D has 
also been incriminated. In a temporal bone study of 
three patients with the cardioauditory syndrome of 
Jerveil and Lange-Nielsen, Friedman et al? in 1966 
reported on large deposits of PAS * materiel in the 
stria vascularis suggesting they might contain mu- 
copolysaccharides or allied substances. In another 
report’? in 1968, they thought the deposits had a 
fibrinoid consistency. 


The first detailed histochemical study cn these 
deposits came from Nomura and Mori'' in 1968 





when they reported on the temporal bone findings 
in an infant with hypophosphatasia. This tissue was 
PAS + , did not show metachromasia with toluidine 
blue, stained blue with azan stain, and gave no 
reaction to Hale’s colloid iron stain. The authors 
thought that these deposits might be pathognomon- 
ic of the disease. Reporting on four of their cases 
with strial concretions in 1973, Naunton and Lind- 

say’? claimed these concretions to be “the product of 
a degenerative process of genetic or acquired 
origin.” 


More recent reports reveal a striking association 
of these deposits with chronic renal disease and he- 
modialysis.'?"'° 


MATERIALS AND METHODS 


Over 1,000 temporal bones of the collection at the Massachu- 
setts Eye and Ear Infirmary were screened and a total number of 
22 cases (2%) could be documented as having basophilic deposits 
in the stria vascularis. 


All subjects were studied according to the following protocol: 


age. sex. primary otological diagnosis, systemic diagnosis and 
cause of death. The temporal bones, with particular reference to 
strial pathology were studied, and the available medical records 
of every patient were reviewed. All pertinent data with a possible 
bearing on the etiology of these deposits were recorded. They 
were then analyzed with the idea of correlating the findings w ith 
the presence of the deposits. 


RESULTS 
AGE AND SEX 


Figure | shows the age distribution of the subjects 
at the time of death. The youngest patient in the 
series was 2 days old at the time of death and the 
oldest was 83. Seven patients were under 10 years of 
age and another seven fell within the eighth decade. 
There is a noticeable gap in young adults and mid- 
dle age groups. There were 16 males and six fe- 
males. 
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Fig 1. Age distribution of 22 subjects with strial deposi:s. 


CAUSE OF DEATH 


The causes of death were arbitrarily subdivided 
as shown in Table 1. The deaths of two of the sub- 
jects were undocumented. Central nervous system 
and pulmonary disorders are the leading causes of 
death in this series. 


PRIMARY OTOLOGICAL DIAGNOSIS 


The diagnosis was set according to tbe patient's 
otological work-up prior to death and to post- 
mortem temporal bone findings (Table 2). It sounds 
reasonable that only a few of these patients have a 
"pure" primary otological diagnosis with the vast 
majority having mixed pathologies. 


SYSTEMIC DIAGNOSIS 


Health problems of the subjects were subdiv-ded 
and grouped according to involvement of major or- 
gan systems and malignancy (Table 3). Six of the 
subjects are listed under "others" in &ccordance 
with the diagnosis appearing in the autopsy report. 


Histopathological evaluation of the 42 temporal 
bones beionging to the 22 subjects (two left ears 
were not available in the series) revealed the follow- 
ing observations: 


Condition of the Stria Vascularis. Two main pa- 
TABLE 1. CAUSE OF DEATH 


No. of Patients 

Central nervous system disorders 6 
Respiratory failure 
Cardiovascular failure 
Malignant tumor 
Renal failure 
Peritonitis 
Undetermined 

Total 22 
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TABLE 2. CLASSIFICATION OF PATIENTS ACCORDING 
TO PRIMARY OTOLOGICAL DIAGNOSIS 


` No. of Patients 
Strial presbycusis 6 
Primerr neural degeneration 

Infection in temporal bone 
CerebeHopontine angle malignancy 
Interna! auditory canal malignancy 
Hereditzry inner ear degeneration 
Congenital deafness 

Premature atrophy of spiral ligament 
Dysecuilibrium of aging 
Cupulo'ithiasis 

Histiccrtosis-X (Letterer-Siwe's disease) 
Normal 

Total 
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thclogies were seen in the stria vascularis. Strial 
atrophy was seen in 12 of the 22 subjects (54.5%). 
Evidence of substrial fibrosis was seen in three sub- 
jects (13.7%). The stria appeared normal in seven 
subjects (32 % ). There were four subjects with cystic 
formations. 


Uniiateral v Bilateral Deposits. Eighteen subjects 
(82% Y} have deposits in both temporal bones. Two 
had them in one temporal bone and two left tem- 
pora: bones were not available for comparison. 


Spiral Ligament. Fifteen subjects (68 % ) had nor- 
mal spiral ligaments bilaterally, while only 7 (32%) 
had evidence of atrophy of varying degrees ranging 
from decreased cellularity, consistent with age, to 
severe degeneration and/or fibrosis. 


Lecation of the Deposits in the Cochlea. The 
deposits were not localized to one specific cochlear 
turn. but tended in the vast majority of cases to ex- 
tend over two and even all three turns. The middle 
turn was the most common location followed in fre- 
queney by the basal turn and apical turn. 


Location of the Deposits in the Stria Vascularis. 
The majoritv of deposits in the stria vascularis ap- 
pear in the marginal zone of the stria vascularis and 
protrude into the endolymphatic space (Fig 2). The 
bulk of the deposits occupy the middle one third of 
the stria vascularis (Fig 3). This was determined 


TABLE 3. SYSTEMIC DIAGNOSIS 


pun 


No. of Patients 


(——— —— — M €: 


Cardiovascular disease 9 
Maiignant neoplasm 5 
CNS disease (intracranial hemorrhage, seizure, 
etc) 4 
Pulmenzry diseases 2 
Others 
Cretinism ] 
Necnatal myotonic dystrophy ] 
Alport’s syndrome ] 
Hypophosphatasis" i 
Appendicitis l 
Histiocytosis-X l 
Tota! 22 


* Fir.dings in this case were reported previouslv."' 
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Fig 2. Distribution of deposits in layers of stria vascu aris. 
RM - Reissner's membrane; SM - Scala media; OC - Organ 
of Corti; SL - Spiral ligament. 


during histological examination of serial horizontal 
sections. 


The deposits, as they appear on histological sec- 
tions, tend to show different "shades of blue" in- 
dicating intensity of staining with hematoxylin aid 
eosin stain. They were also labeled as large, medi- 
um, and small. This was done by measuring the 
largest space they occupy in the stria vascularis in 
one histological section. Strial pathology, size of the 
deposit, and its intensity of staining were then 
studied in relation to each other (Table 4). It is clear 
that there is no relation between severity of the 
strial atrophy and size and intensity of staining of 
the deposits. In most cases, the organ of Corti 
showed some form of pathology ranging from mild 
loss of hair cells to severe and/or total degeneration. 


ANALYSIS OF DATA 


The age distribution of the patients denotes either 
a congenital or hereditary etiology or a degenera- 
tive, age-related process. This is in agreement with 
other series which report deposits in subjects at ex- 
tremes of age. It is not known whether the male 
predominance is significant. 


The great variety of organ system disorcers in 
these cases speaks against a possible etiologiczl rela- 
tionship to the strial deposits. The possibi.itv of 





Fig 3. Anteroposterior distribution of deposits in the stria 
vascularis. 


TABLE 4, RELATION OF STRIAL PATHOLOGY TO SIZE 
AND DEPTH OF STAINING OF STRIAL CONCRETIONS 





No. of 
Condition of Stria Concretions S D 
Normal 6 Oks -2 5 l 
Mild atrophy 2 2 2 
Moderate atrophy 4 1 3 2 ld 
Severe atrophy 7 1 6 2 14 
Substrial fibrosis 3 l t$ 1 3 
Total 22 


S- Small. M - Medium; LA - Large; LI - Light; D - Dark; B - Both. 


these de»osits being an agonal phenomenon is un- 
likely; the longest postmortem period before tem- 
poral bones were fixed was 22 hours. 


PRIMARY OTOLOGICAL DIAGNOSIS 


Strial atrophy, primary neural degeneration, and 
infection account for more than half of the primarv 
otologicel diagnoses. The temporal bone series at 
the Massachusetts Eye and Ear Infirmary includes 
33 subjects with the primary diagnosis of strial 
atrophy, six of which had strial deposits (18%). 
Histolog:cally, the deposits found in these striae are 
not different from the others. The incidence of strial 
deposits s 4% in the same temporal bone series with 
the diagnosis of primary neural degeneration and 
only 1% in temporal bone infections. In these cases, 
strial atrophy also seems to be the predisposing fac- 
tor for the formation of deposits. 


YOUNG SUBJECTS 

Six subjects (12 temporal bones) show normal- 
appearirg striae vascularis. Only one shows evi- 
dence of atrophy. However, three show an unusual- 
ly severe and unexplained spiral ligament atrophy 
with substrial fibrosis. One of the subjects had 
“otologieally normal" temporal bones. Another pa- 
tient who died from cardiorespiratory failure secon- 
dary to neonatal myotonic dystrophy had severe 
atrophy of his spiral ligament and, among all other 
patients. had the largest and deepest staining 
deposit. Was the pathological process more severe 
in this caseP Letterer-Siwe disease, cretinism, 
hypophcsphatasia, Scheibe’s dysplasia, bilateral in- 
ternal auditory meatus malignancy, astrocytoma of 
pons, and osteopetrosis are other diagnoses included 
in this group and, again, show large and deep stain- 
ing depcsits in the striae vascularis. They also point 
to their multifactorial etiology. 


HISTOLOGICAL CONSIDERATIONS 


The deposits show a striking polymorphism (Figs 
4-9). Some are elongated or crescent shaped. Others 
appear more rounded or polvgonal with a concen- 
tric lamellar pattern. Still others exhibit a fibrillar 
pattern reminiscent of the “sunray appearance.’ 


Cyst-like formations in the stria vascularis con- 
tain clumps of these deposits that, at times, seem to. 
coalesce and form larger ones. Few sections show 
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Fig 4. (Patient 1, baby with diag- 
nosis of hypophosphatasia) Middle 
turn of cochlea. Stria vascularis 
shows evidence of atrophy. Large, 
deeply stained basophilic deposit 
almost totally replaces atrophied 
stria which seems to be "peeling 
off" spiral ligament. (Courtesy of 
Dr Y. Nomura, Tokyo) 


these deposits causing the stria vascularis to bulge 
and peel off the spiral ligament. Though quite di- 
verse in appearance, these deposits present some pe- 
cularities common to all of them. 


l. Aggregates of pigment material (li»ofuscin, 
melanin) seem to “hug” these deposits. Lipofuscin is 
known to be a byproduct of cellular degeneration. 


2. Proximity of the deposits to blood vessels. AI- 
though this was described before, the significance is 
questionable since we are already dealinz with a 
highly vascular structure. 


3. Proximity to aggregates of cells with pyknotic 
nuclei and deeply basophilic suggests a degenerative 
deposit taking place. 
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4. Seven of the deposits show a crystalline pat- 
tern with sharp edges and fine spicules. This was 
previously described by Nadol'* in a case of long- 
standing profound sensorineural deafness. The de- 
posit he describes had a "crystalline substructure.” 
He alsc related it to the metabolic abnormalities 
associated with the patient’s chronic renal failure 
or, more simply, to atrophy of the stria vascularis in 
this case. 


SPECIAL HISTOCHEMICAL STUDIES 


Representative temporal bone sections from 
seven patients belonging to the subgroups men- 
tioned under primary otological diagnosis were 
stained with PAS and alcian blue reinforced with 


Fig 5. (Patient 2, age 54) Death of 
suppurative meningitis secondary 
to labyrinthitis and chronic otitis 
media. Basal turn of cochlea 
shows severe atrophy of stria 
vascularis with medium-sized 
basophilic deposit with concen- 
tric, lamellar layers of different 
density. 
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hematoxylin and eosin. Acid mucopolysaccharides, 
connective tissue, goblet cells and microbial cap- 
sules take on a bright turquoise blue stain with al- 
cian blue while glycogen, glycoproteins and other 
associated chemical substances take on a magenta 
blue color with PAS. 


Two patients with strial atrophy and one patient 
each with premature atrophy of spiral ligament, 
hypophosphatasia, temporal bone infecticn, tem- 
poral bone malignancy and Alport’s syndrome were 
selected. All deposits were PAS+ except the one 
belonging to the hypophosphatasia group and one 
with strial atrophy. 


None took the alcian blue stain. This suggests 
that the deposits are glycogen-like and are devoid of 


Fig 7. (Patient 2) Photomicro- 
graph of middle turn of cochlea 
showing rather large basophilic 
deposit in moderately atrophied 
stria vascularis. Striking proximity 
to blood vessel and “sunray ap- 
pearance” of fine fibrillar network 
of deposit are obvious. 


Fig 6. (Patient 3, age 83) Death of 
intracerebral hemorrhage. Pri- 
mary otologic diagnosis was strial 
atrophy. Section through basal 
turn of left ear shows cystic forma- 
tion in stria vascularis with small 
scattered deposits within cyst. 


connective tissue. The nonstaining of the deposits in 
the stria vascularis of the baby with hypophospha- 
tasia with PAS may denote a different nature and 
composition of this particular deposit. This, how- 
ever, is not in agreement with Nomura's findings of 
a PAS + deposit in the stria vascularis of a patient 
with hvpophosphatasia. 


ANALYSIS OF PAST MEDICAL HISTORY 


The medical records of these subjects show a 
variety of health problems (Table 5). Hypertension 
and uremia are the most frequent systemic diag- 
noses associated with strial deposits. Intake of 
ototoxic drugs, jaundice, radiotherapy and anemia 
were also frequently present. 





DEPOSITS IN STRIA VASCULARIS 247 


Fig 8. (Patient 4, age 72) Cause of 
death given as acute myocardial 
infarction. Primary otologic diag- 
nosis was strial atrophy. Section 
shows middle turn of cochlea 
showing severe strial atrophy with 
pale stained basophilic deposit in 
middle one third of stria vascu- sA 
laris. p 
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Among the previously listed entities, uremia de- 
serves special attention. Bergstrom et al"''* and 
Oda et al' describe basophilic deposits in the stria 
vascularis of patients with chronic renal failure. 
Oda et al found them in all temporal bones of pa- 
tients who underwent renal transplant. Thus, the 
accumulated data concerning the presence of stria 
vascularis deposits in patients with chronic renal 
failure suggest a strong cause and effect relation- 
ship. 


COMMENT 


The numerous theories that have been advanced 
to explain the nature of basophilic deposits in the 
stria vascularis certify to their still unknown 
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etiology and physiochemical composition. Interest- 
ing correlations with some disease entities were 
found and are in agreement with previously re- 
ported -onditions. Some new associated conditions 
were, however, found. The association with 
chronicrenal failure seems to be strong. Could some 
of the deposits in our series actually be immune 
comple- deposits?'? This seems likely, particularly 
in view of the fact that we are dealing with a vas- 
cular tissue in many respects similar to other tissues 
in the bodv (eg, with kidney) where immune com- 
plex deocsits were found. This fascinating theory 
has still to be substantiated. 


We would like to raise these other questions: 
Why weren't these deposits ever found in the scala 
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Fig 9. (Patient 4) Section shows 

! middle turn of cochlea with baso- 

, philic deposit in severely atrophied 

D Ue stria vascularis. Deposit shows 
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TABLE 5. MEDICAL HISTORY 


No. of Patieats 
Hypertension 
Uremia 
Aminoglycosides intake 
Jaundice 
Radiotherapy 
Anemia 
Alcoholism 
Diabetes mellitus 
Bleeding disorders 
Gout 
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media despite a very thin attachment to the 
marginal zone of the stria? Could the clue to their 
nature be found in the chemical composition of en- 
dolymph? What is the significance of their presence 
in an otologically normal individual? And, finally, 
how do they help us understand ear disease aad pre- 


vent it? The answers are still unknown. Further his- 
tochemical and ultrastructural studies are needed to 
elucidate the nature of these puzzling deposits. 


SUMMARY 


The results of a study of 42 temporal bones with 
basophilic deposits in the stria vascularis were pre- 
sented. These deposits were found in a wide variety 
of seemingly different disease entities. Atrophy of 
the stria vascularis is, however, the pathological 
correlate found in the majority of subjects studied. 


It also appears that they have more than one 
chemical composition, with glycogen being one. 
They were significantly present in subjects with 
previous history of uremia and hypertension. Their 
presence in young and elderly subjects hints to their 
congenital and/or degenerative etiology. A review 
of the literature concerning this subject was done. 
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AUDITORY BRAINSTEM RESPONSES IN CHILDREN 
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Auditory brainstem responses were recorded from an experimental grou» of 15 children with early histories of recurrent middle ear 
disease for the purpose of examining the effects of seduced auditory input on auditory brainstem function. The responses from these 
children were anaivzed in terms of absolute latencies, interwave latencies and latency shifts across sensation level. Comparisons were made 
to a control group of children with no history of middle ear disease. Results iud: cated significant differences between the groups. The ex- 
perimental group demonstrated greater absolute latencies for waves IIl and V as well as greater interwave latencies. These findings sup- 
port the interpretation of an association between eariy recurrent middle ear disease and brainstem function. 


INTRODUCTION 


In the developing human and nonhuman organ- 
ism, the immature auditory nervous system reflects 
predictable alterations in both the latency and 
waveform of evoked potential activity, saggesting 
the occurrence of a significant maturation oeriod.'? 
The plasticity observed during this time frame may 
make the development of an organisms neur al 
pathway susceptible to changes in auditory input. 
There is considerable support for this position in the 
animal literature.*'^ Additionally, studies involving 
human subjects have shown histologic evidence of 
neural degeneration i in both children and adults fol- 
lowing years of sensorineural deficit.*’* Alterations 
in behavioral responses, which suggest retrococh- 
lear involvement, have been observed ir persons 
with experimental and pathological conductive 
losses.?'? The results of these studies suggest the 
possibilitv that, under certain circumstances, re- 
duced auditory input may have an effect cn neural 
development and behavioral performance 


The animal literature in Dorh visual and aural d 
ui dno oca periods of development. Lit le 
or no physiologic change has been found when ma- 
ture animals are subjected to the same experimental 
conditions.5*'* Although the human literature 
has shown some evidence of changes in behavioral 
responses of adult subjects who have been audi- 
torally deprived, the question of changes in neural 
physiology following a reduction of input to a ce- 
veloping vet functioning auditory system has not 
been addressed. This may be the result of the in- 
availability of direct vet noninvasive measures of 
neural functioning in humans. A comparaczively re- 


cent tool in use today, however, the auditory brain- 
stem response (ABR) has been shown to provide 
valuable insights in the assessment of neural path- 
way integrity. 


The ABR is a brief latency, multiphasic electro- 
phvsiolcgic response that is felt to reflect the electri- 
cal activity arising from a subset of neurons within 
the eighth auditory nerve and brainstem structures. ? 
This response can be recorded noninvasively from 
the scalp and is capable of reflecting both perpe 
eral and central functioning in the auditory system 


Tne use of the ABR as a measure of central ner- 
vous syszem status has been described by numerous 
autkors in the areas of maturation and aging, *!* 
diagnesis of lesions along the auditory pathway," 
and in the diagnosis of nonspecific neurological dis- 
ease.'*™ The latency values between waves I and V 
of the ABR have been used to assess neural differ- 
ences between groups. Decreased neural capabil- 
ities are reflected in increased wave I-to-V intervals 
when compared to the normative values." 


Reports from aucitory deprivation research have 
shown that nuclei in the brainstem are susceptible 
to deterioration and/or phvsiological modification 
as a result of reduced input.**?? The ABR has been 
selected for use because of its procedural ease and 
demonstrated sensitivity to disorders in this portion 
of the nervous system.'"'? 


It is assumed then that the fluctuating hearing 
levels seen in young children with early onsets of 
recurrent middle ear disease would have created 
concitions of reduced auditory stimulation. These 
chilcren would serve as suitable subjects for an in- 
vestigation into the effects of reduced stimulation 
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on the development of the auditory neural path- 
ways. This study proposes that earlv fluctuation of 
hearing levels in humans, as seen in recurrent mid- 
dle ear disease, may alter the development of the 
brainstem portion of the auditory nervous system in 
a fashion observable in potentials evoked frora that 
portion of the auditory pathway. 


METHODS 


Subjects. Thirty children comprised the subject population for 
this study. These children were drawn from the research subject 
pool at the Child Development and Mental Retardation Center, 
University of Washington, Seattle, and the population a: large. 
Inclusion in this study was based upon the following criteria: 


1. All subjects were drawn from a common socioeconomic 
pool as determined by family income, parent education znd em- 
ployment status. 

2. Through the use of a health status questionnaire, all :ubjects 
were screened and excluded from the study if there was a reported 
history of permanent hearing loss, prematurity, prenatal or peri- 
natal trauma which might affect neural development, neurologi- 
cal disease or trauma, diabetes or kidney disease. 

3. All subjects were 6 to 10 vears old. All children functioned 
at grade level in school and did not exhibit mental retardation or 
obvious behavioral/emotional disorders. 


Experimental Group. This group consisted of 15 childsen (ten 
girls, five boys) who ranged in age from 6 years 4 months to 10 
years 11 months (mean = 7 years 11 months). In addition to the 
selection criteria for participation in this study, inclusior in this 
group was based upon multiple recurrent bouts of otitis media 
with fluid (minimum of six bouts) with the initial bout occurring 
at or prior to 12 months of age. Confirmation of this history was 
established by, in most cases, direct reports from the child's 
pediatrician or otolaryngologist and, in all cases, parent inter- 
views. An attempt was made to select children with a severe his- 
tory of middle ear disease. Some had received myringotomies 
with tubes. All had been described by physicians and/or parents 
to have had "long episodes" or "continually recurring otitis 
media." It should be noted that these children had not received 
hearing evaluations at regular intervals throughout the period of 
recurrent middle ear disease. Consequentlv, the precise degree of 
hearing impairment cannot be documented in each child sor each 
bout of ear infection. Nonetheless, it has been shown tha£ recur- 
rent otitis media is nearly always accompanied by a mild-to- 
moderate (20 to 45 dB) conductive hearing loss by the very nature 
of the presence of middle ear fluid.*'?* Accordingly, it can be 
assumed that children who have suffered recurrent micdle ear 
disease throughout early childhood would also have experienced 
fluctuating hearing impairment during that time. 


Tympanometry was performed on each subject. Two experi- 
mental subjects had pressure-equalization tubes in place at the 
time of testing which were deemed patent by tvmpanometric re- 
sults. The remaining experimental subjects had tympanometric 
results in the normal range. 


Control Group. The control group consisted of 15 children 
(nine girls, six boys) who ranged in age from 6 years 6 months to 
10 years (mean = 8 years 1 month). None of these children had 
histories of hearing loss, earache, impacted cerumen, middle ear 
drainage or middle ear disease. Confirmation of this was estab- 
lished bv, in some cases, direct reports from the child's pediatri- 
cian as well as, in all cases, parent interviews. In additioa to the 
selection criteria for participation in this study, inclusioa in the 
control group also required that normal tympanograms be ob- 
tained at the time of the ABR data collection. 


Protocol. The amplified DC logic output of an electronic timer, 
set to a duration of 0.1 ms, was delivered to a TDH-39 heedphone 
to generate an acoustic rarefaction click. Thresholds for the click 
stimuli were established for each subject allowing stimuli to be 
presented in decibel sensation level (SL) with regard to that in- 
dividual's own threshold. 
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Fig 1. ABR results from two selected subjects representing 
each group. Latency values for these subjects approximate 
respective group means. Vertical dotted lines represent po- 


sitions of waves I, IH and V in control subject. (Inten- 
sity = 70 dB SL; rate = 13.3/s; 1,024 sweeps). 


Electroencephalic activity was picked up by gold-plated EEG 
electrodes attached to the midline of the forehead (active) and the 
ipsilateral mastoid (reference). The contralateral mastoid served 
as the site for the ground electrode. The impedance of the elec- 
trodes was maintained at <5,000 2. The response was amplified 
10° times and passed in a frequency band between 100 and 3,000 
Hz (3-dB down points). This bioelectric activity was then fed to a 
signal averager set to scan a 10-ms epoch. The final averaged re- 
sponse was the result of 1,024 stimulus presentations. 


After the procedures had been fully explained to the child and 
his/her parent(s) and informed consent was obtained, the EEG 
electrodes were attached. Subjects were tested in a sound-treated 
room while reclining on a cot. The TDH-39 headphones were 
held in a standard headband and were placed over both ears. The 
child's behavioral hearing threshold for the click stimulus was 
then obtained in each ear, as the ears were assessed individually. 


Subjects were encouraged to relax and sleep, if possible. Test 
clicks were initiated and, after a 3-second delav to reduce any 
muscle artifact that may accompany stimulus onset, the signal av- 
erager was activated. Stimulus repetition rate was fixed at 13.3/s 
to establish the wave I, IH and V intervals and at 33.3/s to estab- 
lish the latency intensity functions. The latency intensity func- 
tions were developed utilizing the intensity levels of 30-, 50- and 
70- dB SL. All tracings were written out on an X-Y plotter. 


Stimulus intensitv conditions were presented in a quasi-ran- 
domized order for each ear. À control run for each ear was in- 
serted along with the stimulus conditions to aid in the assessment 
of the ABR scoring reliability. Each ear was assessed with the in- 
itial ear assigned in a counterbalanced fashion. 


Tvmpanograms were obtained on a Grason-Stadler 1722 mid- 
die ear analyzer. For this study, a normal tympanometric result 
was defined as a compliance peak between two and ten arbitrary 
compliance units that occurred within the pressure range of + 50 
to — 100 mm H;O. 


Data Analysis. Auditory brainstem response tracings were 


tracings were scored independently by two judges who were blind 
to the category to which each subject belonged (ie, control or ex- 
perimental). The latency values for each ear were averaged for 
that subject for a total number of 15 subjects for each group. 
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Fig 2. Mean ABR component wave latencies for contro: 
and experimental groups. Click stimuli were presented at 
70 dB SL with click rate held constant at 13.3/s. Vertica: 
bars represent + twice standard error of mean (N= 15). 


Differences between groups and among condition: were tested 


sign. Simple main effects were assessed when a significant group- 
by-wave or group-by-intensity interaction was foune. Interwave 
latencies anc latency shifts for each intensity change were com- 
pared between groups using f tests. 


RESULTS 


Figure | shows an example of ABR res»onses re- 
corded from two subjects representing the experi- 
mental and control groups. The subjects’ tracings 
were selected so as to reflect typical wave-orms and 
latencies for their respective groups. Wave I laten- 
cies are virtually identical while differences exist for 
waves III and V, with the experimental subject 
showing the longer latencies. 


Figure 2 shows mean ABR component wave la- 
tencies for the control and experimental groups 
when the auditory stimulus was held censtant at 
70-dB SL. The graph shows a progressive diver- 
gence of the two groups when moving from the 
lower to more rostral brainstem levels as repre- 
sented by waves I through V. 


TABLE 1. RESULTS OF COMPARISONS 
BETWEEN CONTROL AND EXPERIMENTAL GROUPS 
FOR MEAN LATENCY VALUES 
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Control groep (N = 15) 
Experimental group (N = 15) 


F values .04 6.82 47.16 


Standard deviations shown in parentheses. 


Resa ts were examined for statistical significance 
using £ two-factor analysis of variance design. 
There were differences between the groups 
(2213.5, p«.01) and, as expected, across ABR 
component waves (F = 11995.6, p<.01). In addi- 
ton, there was a significant interaction between 
groups and waves (F = 21.3, p« .01). The signifi- 
cant imteraction implies that differences between 
groups were not uniform across the component 
waves. In order to test for group differences at each 
soecific wave, simple main-effect comparisons were 
made. These results are shown in Table 1. There is 
ro difference between groups for wave I (F = .04, 
MS) bet significant differences are seen between 
groups for wave III (F = 6.82, p< .05) and for wave 
V (F = 47.16, p< .01). 


The divergent nature of the group differences 
was tesed by making group comparisons for waves 
I-to-I1i and III-to-V intervals. Results are shown in 
Table 2. While the overall latency interval is 
smaller for waves III-to-V (1.76 and 1.97) com- 
pared to waves I-to-III (2.06 and 2.19), the magni- 
tude ef group differences is greater in the III-to-V 
interval (.21) than in the I-to-III interval (.13). 
Group differences were significant for both the 
wave i-to-III and the wave IlI-to-V intervals 
(£22.53, p< .05; t— 4.67, p« .01). These findings 
support the interpretation of progressive brainstem 
ciffereaces between groups. 


Figure 3 shows wave V latency differences be- 
tween groups as a function of SL. Results indicate a 
consistent pattern of group differences regardless of 
stimulus SL. Longer latencies can be observed for 
the excerimental group at 30-dB SL (F= 15.07, 
p«.0t. and 50-dB SL (F = 61.25, p« .01) in addi- 
tior te 70-dB SL (F = 21.07, p< .01). 


DISCUSSION 


The results of this study support the interpreta- 
tion cf an association between early recurrent mid- 
dle ear disease and brainstem function. Repeated 
episodes of transient hearing loss during early de- 
velopmental years may be an etiologic factor in this 
«sscciazion. The absence of wave I differences and 
the presence of wave V differences between groups 
& a finding that supports the contention of brain- 


TABLE 2. RESULTS OF MEAN INTERWAVE LATENCY 
COMPARISONS BETWEEN CONTROL 


————— YAR TE 


ABR Wave Intervals 








(ms) 
I-II III-V 
Control zroup (N = 15) 2.06 1.76 
(.12) (.11) 
Experimental group (N = 15) 2.19 1.97 
(1D (.13) 
; values 2.53 4.67 


Stencaxd deviations shown in parentheses. 
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stem (as opposed to peripheral) auditory pathway 
abnormality." The divergent nature of these zroup 
differences from ABR waves I-to-III-to-V may be 
consistent with either a generalized reduction in 
numbers of neural fibers* or a reflection of plasticity 
brought on by lack of experience at the level 5f the 
synapse.'5 The occurrence of either phenomena or 
the simultaneous occurrence of both would canse an 
overall slowing of the evoked potential latencies as 
observed in the experimental group. 


The interpretation of a central effect in the ex- 
perimental group cannot be made without consid- 
eration of other coexisting pathologies which could 
account for the observed increase in wave I to V in- 
tervals in this group. Among the factors which must 
be considered are: residual middle ear diseas2, the 
degree to which this middle ear disease may have 
affected cochlear function, the possibility of some 
underlying neural differences between groups, and 
the onset time of middle ear disease. 


Residual Middle Ear Anomaly. The exister.ce of 
recurrent middle ear disease in each subject com- 
prising the experimental group raises the question 
of residual middle ear anomaly in these subjects 
which may have contributed to the ABR latency 
differences. In fact, the observation of a central ef- 
fect, based on wave V latencies alone, could create 
a false-positive interpretation in the presence of un- 
detected middle ear anomalies. 


The results obtained in this study do not su port 
the existence of residual anomaly in the ezperi- 
mental group as a contributing factor to th» ob- 


served latency differences for the following reason. 
Though absolute latencies of waves I and V can be 
prolonged by middle ear problems which create 
conductive hearing loss, a more accurate differen- 
tiation of a central from a peripheral effect is found 
when utilizing the ABR wave I-to-V interval. This 
interwave latency value is felt to be insensitive to 
the presence of middle ear disorders as long as equal 
sensation levels are preserved during testing as in 
this study. Also, consideration of residual middle 
ear disease can be minimized because of no system- 
atic difference between groups for behavioral click 
thresholds or tvmpanometric results. 


Alterations in Cochlear Function. There also ex- 
ists the possibility that recurrent middle ear disease 
in the experimental group had in some fashion in- 
vaded or caused damage to the cochlea in some or 
all of the children in the experimental group. The 
possibility may exist not onlv in the chance of an in- 
vasion of the cochlear duct by viral or bacterial in- 
fection but also through some unknown effect of 
transient hearing deficit on hair cell function dur- 
ing eariv developmental years. The results of this 
study, however, do not support the existence of 
cochlear involvement in the experimental group as 
a result of or in conjunction with early middle ear 
disease. As noted above, subjects (control and ex- 
perimental) did not differ on the basis of stimulus 
threshold. Further, the latency/intensity functions 
obtained across sensation levels of 30, 50 and 70 dB 
do not converge at the high intensities and are, in 
fact, nearly parallel (Fig 3), suggesting that coch- 
lear involvement was not a factor in the experimen- 
tal group. Finally, the ABR wave I-to-V intervals 
are felt to be insensitive to cochlear hearing losses, 
except for some slight decreases in wave I-to-V in- 
tervals in patients with severe, abruptly sloping 
high-frequency hearing losses." The divergent rela- 
tionship of the control and experimental groups, as 
shown in Figure 2, would not support the existence 
of a significant cochlear contingent in the exper- 
imental group in that the wave I-to-V interval is ac- 
tually longer in this group. 


Underlying Neural Differences. A screening pro- 
cedure helped to insure that none of the subjects 
had a history of seizures, neurologic disease, 
neuromuscular disease, prematuritv, diabetes, or 
kidnev disease. It is felt that the control and ex- 
perimental groups did not differ on the basis of 
these items. However, the scope of this study did 
not incorporate either a functional or alternate 
physiological component which would assure that 
subtle undetected neural differences did not exist on 
some systematic basis between the control and ex- 
perimental groups. Thus, it is possible that the rela- 
tionship between ABR latencies and early middle 
ear disease is dependent on a variable cm 
in this study. 


None of the children in the studv were retarded 
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nor did they function as learning-disabled children. 
Therefore. it was not expected that ary of :he 
children in the experimental group would have 
latency values that would cause them te be con- 
sidered pathological. Both the control ard the ex- 
perimentai groups fell within the range of values 
encompassing + 2 SD from the mean of our labora- 
tory norms for wave I-to-V interval. Altheugh they 

fell into this range, the groups could be differen- 
tiated on the basis of their ABR latency values. 


Onset of Middle Ear Disease. Time oi onset of 
middle ear problems was controlled in this study in 
that all subjects in the experimental g-oup had 
onsets (first bout of middle ear effusion) prior to 12 
months of age. Examination of variations in onset 
time, therefore, is not possible. An additicnal ques- 
tion which should be posed in a subsequert study is 
whether the time of onset is a variable to be con- 
sidered in investigations into central differences 
between groups with early history of middle ear 


cisease. This variable has been found to be of con- 
siderable importance in auditory plasticity studies 
using lower animals.**?° Exploration of this ques- 
tion warrants further study. 


CONCLUSIONS 


This study used ABR to investigate auditory 
pathway function in children with early recurrent 
middle ear disease. The data were compared to a 
control group of children with no history of middle 
ear invclvement. 


Results indicated differences between groups for 
tae ABR waves III and V latency values, waves I-to- 
V intervals and wave V latency/intensity functions. 
These results suggest that early middle ear disease, 
with its accompanying fluctuations in hearing 
levels, may contribute to long-term central effects 
which persist after bouts of middle ear disease have 
been medically reversed. 
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FROZEN-SECTION AUTORADIOGRAPHY OF THE COCHLEA: 
EVIDENCE FOR DIFFERENTIAL DISTRIBUTION OF AMINO ACIDS 
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A histological method is described for embedding the whole cochlea in an egg volk medium that permits frozen sectioning in the mid- 
modiolar plane. Resulting tissues can be processed using standard autoradiographic techniques and stained with Nissl or silver impregna- 
tion methods. Following identical intracochlear injections of tritiated proline or leucine and frozen sectioning of embedded cochleae, dif- 
ferential uptake patterns within the cochlea were revealed for these amino acids. Frozen sectioning of the cochlea promises to prov ide an 
efficient means to examine specific labeling patterns withm the cochlear duct for compounds suspected of contributing to cochlear function 
by permitting the application of multiple histological techniques including routine stains and anterograde and retrograde tracers. 


INTRODUCTION 


A number of recent studies have established the 
usefulness of autoradiographic techniques to inves- 
tigate various aspects of cochlear function inc.uding 
afferent connections to the central nervous system 
For example, following intracochlear injections of 
tritiated amino acids,' the cochlear nucleus (CN) 
is labeled in a manner consistent with the a:ferent 
innervation patterns described by classic terminal 
degeneration methods.*'"' In addition, the detailed 
incorporation patterns of transported radioactivity 
around specific CN cell-types appear to be related 
to the arrangements of synaptic input to these cells 
previously determined by more traditional tech- 
niques.^" The use of autoradiographic tracing 
methods has also demonstrated that separate, la- 
beled amino acids can be incorporated at di:ferent 
sites within the cochlea" or transported frcm the 
cochlea to the CN in a preferential manner.* 


The results described below indicate that studies 
emploving tracer substances to describe the central 
projections of primary eighth nerve fibers should be 
interpreted with caution unless information con- 
cerning the uptake and distribution of labeled com- 

pounds by peripheral structures is available. Auto- 
CUm of cochleae obtained from plastic- or 
paraffin-embedded tissues following perilymphatic 
injection of tritiated amino acids in normal animals 
have shown that within the cochlea, label is widely 
incorporated into primary afferent dendrites and 
fibers and their spiral ganglion somas.'* However, 
to our knowledge, no one has shown that two com- 
mon amino acids are consistently distributed in a 
differential manner within the cochlea following 
identical injection procedures. 


MATERIALS AND METHODS 


Preliminary studies using intracochlear injections of tritiated 
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proline in four subjects consistently showed complete labeling, 
while two identically injected leucine animals demonstrated evi- 
dence for only partial distribution of the amino acid marker. To 
further study these observations, within-subject comparisons of 
both cochlear and brainstem distribution patterns were made in 
eight leucine- and two proline-injected guinea pigs, ranging in 
weight from 250 to 350 g. As an additional control, one of the pro- 
line subjects was injected with leucine on the opposite side. 


Prior to intracochlear injections of [H]leucine (H]leu, New 
England Nuclear, NET-460, specific activity » 110 Ci/mmol) or 
oue (PHipro, Amersham, TRK-439, specific activity 65 
Ci/mmol), all guinea pigs were anesthetized with a mixture of 
ketamine hy drochloride (Vetalar, 30 mg/kg) and xylazine (Rom- 
pun, 5 mg/kg). The left round window membrane was surgically 
exposed, opened, and perilymph removed by means of an absor- 
bent dental pledget. Using a microsyringe, an injection of 5 al 
containing 10 &Ci/i of l'H]lleu or ['H]lpro dissolved in sterile 
physiological saline was made into the scala tympani. The round 
window fenestra was then sealed by applving a laver of Durelon 
dental cement. After a 24- or 48-hour survival period, animals 
were deeply anesthetized with sodium pentobarbital (Nembutal) 
and perfused intracardially with neutral-buffered formalin (10% 
formaldehyde buffered with sodium phosphate, 0.02 M). Im- 
mediatelv after removal of the brain, each temporal bone was 
dissected out, the bulla trimmed to completely expose the cochlea, 
and the round and oval windows opened to allow fixative to in- 
filtrate bv immersion. All tissues remained in fixative at room 
temperature for two weeks prior to further processing. 


At the end of this period, brains were placed in 30% formol 
sucrose (30 g sucrose! 100 ml neutral-buffered formalin) until sink- 
ing, prepared for frozen sectioning, and cut in the transverse 
plane at 30 um. Resulting tissues were mounted, air-dried, and 
processed for standard light microscopic autoradiography using a 
four-week-exposure period and Kodak NTB-2 emulsion, D-19 de- 
veloper, and undiluted Rapid Fix." Developed sections were 
stained with 1% neutral red and coverslipped for subsequent 
bright- and darkfield microscopic analysis. 


Following formalin fixation, cochleae were decalcified using a 
10% Versene regimen. First, specimens were rinsed in two 
changes of double-distilled water and placed in uncapped vials 
containing 10% Versene for three days at 37°C. Next. the 
Versene solution was adjusted to room temperature and changed 
every five days until decalcification was complete. typically re- 
quiring 10 to 12 weeks. After decalcification, over a two-day 
period, the Versene was diluted to 5% with double-distilled 
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Fig 1. A,B) Low-power photomi- 
crographs of autoradiographs of 
midmodiolar frozen sections 
through the cochlea following in- 
tracochlear injection of 50 aCi A) 
['H]proline or B) ?H]leucine into 
the left (pro) and right (leu) 
cochleas of the same animal. Pro- 
line labeled almost entire cochlea 
while leucine was restricted to 
lower turns. C,D) Transverse sec- 
tions of brainstem illustrating pat- 
tern of distribution of silver grains 
corresponding to transport of C) 
['H]pro and D) [*H]leu to the dor- 
sal (DCN) and posteroventral 
(PVCN) cochlear nuclei (CN) cor- 
responding to injected cochleas 
shown above. Distributions of 
transported radioactivity to CN 
directly paralleled cochlear uptake 
patterns. (Bars = 200 um) 


water and then to 2.5% at 4°C, after which the tisswe was set in 
cold double-distilled water overnight. At this point, egg yolk 2m- 
bedding was begun following methods previously described for 
brain tissue.'*'5 The egg yolk medium was prepared by vigorously 
stirring the yolk of one medium-sized hen’s egg. The specimen 
was then removed from the distilled water solution end dried by 
gentle rotation on a clean paper towel with a fine. camel-aair 
brush. Next, all surfaces were painted with the egg rolk mix-ure 
and the cochlea placed into a peel-away mold lightly coated with 
egg volk medium. Additional egg volk was added to j 1st cover the 
specimen and the mold placed overnight in a covered Petri dish at 
4°C. These procedures permitted air bubbles to escape from the 
egg yolk while preventing excessive adhesion of the specimen to 
the container or drying of the medium by evaporation 


The following day the specimen was gently removed from the 
mold and placed in a small, porous paper embeddiag boat and 
again covered with cold, freshly prepared egg yolk medium. The 
boat was wrapped with perforated (pin holes) aluminum foil to 
provide rigidity and floated on a solution of 25% fermalin in a 
covered container for 24 hours to solidify the egg yolz mixtur2 by 
allowing entry of formaldehyde by dialvsis. The tissue block was 
then trimmed according to orientation indicators paced on the 
embedding boat, and the embedded cochlea was placed in 50 9; 
formol sucrose for 48 hours. At this point, the cochlea was sec- 





toned at 20 um using standard frozen-sectioning techniques and 
colleeted in 2% formalin. It has been our experience that thinner 
5- to I6-4m sections can be cut from this material if so desired. 


Ore series from each cochlea was processed for autoradiog- 
raphy im a manner identical to the brainstem tissues described 
above and these sections were stained with toluidine blue. The re- 
maining two series were stained using several routine techniques 
including a slightly mocified Harris s hematoxylin-eosin, Kluver 
and Barrera’s luxol-fast blue, cresyl violet, and silver impregna- 
ton stairs of Nauta and Gygax'* and Fink and Heimer." 


RESULTS 


Figure 1 shows autoradiographs obtained from 
midmediolar cochlear sections following intrascalar 
50-pCi injections of either [H]pro (Fig 1A) or 
PH leu (Fig 1B), and corresponding brainstem au- 
torediegraphs (Fig 1C,D, respectively) showing 
trarsport to the dorsal (DCN) and posteroventral 
(PVCN^ cochlear nucleus. Our most striking finding 
was that following identical round window injec- 
tions of the [HJamino acids, differential labeling 
patterns within the cochlea were observed, and 
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Fig 2. A) Autoradiograph of individual cochlear turn demonstrating detailed distribution pattern of [^H]leu 
following standard injection into perilymphatic spaces. Note heavy label in spiral ligament (SL), afferent nerve 
fibers in osseous spiral lamina (OSL), spiral ganglion cells (SG), and emerging auditory nerve fibers (AN). Tec- 
torial membrane located directly below arrow is lightly labeled and was often marked in this manner through- 
out cochlea in absence of dense label in upper turns. (Bar = 200 um) B) Higher magnification, darkfield micro- 
graph of organ of Corti from another section that includes region indicated by arrow in A. Note that tectorial 
membrane (TM) and Reissner’s membrane (RM) are labeled along with entire organ of Corti (OC). Details of 
peripheral end-organ are essentially obscured by heavy accumulations of silver grains. (Bar = 20 um) 


these distinct incorporation patterns were main- 
tained during transport to the CN. Thus, [*H]leu 
(N=nine cochleae) was consistently restricted to 
the basal and first turns (Fig 1B), whereas ar iden- 
tical injection of [?H]pro (N = two cochleae) was 
distributed much more completely throughout all 
cochlear turns (Fig 1A). Within the CN, consistent 
with the peripheral uptake pattern for [*H]pro, the 
majority of DCN and PVCN was labeled alonz with 
eighth nerve fiber projections to the lateral vestibu- 
lar nucleus (Fig 1C). Following injection of [*H]leu, 
however, only the high-frequency regions of DCN 
and PVCN showed transported radioactivity (Fig 
1D). Although proline was widely incorporated 
throughout the cochlea, an overall labelinz gra- 
dient, greatest in the lower turns near the injection 
site and least in the apical regions, was still ap- 
parent. The results shown in Figure 1 were ob- 
tained from the right and left cochleae and brain- 
stem of the same animal, and, for the most part, 
rule out individually related variations in axonal 
transport kinetics, tissue processing techniques, etc, 
that could contribute to the different incorporation 
patterns seen after [H]leu and [H]pro injections. It 
should be noted that specific activity did not eppear 
to account for these results since [H]pro, with the 
lowest specific activity, was more generally incor- 
porated. 


The brightfield photomicrograph of Figure 2A 
shows in more detail the typical labeling pattern of 


the tritiated amino acids, in this case [?H]leu, 
within a particular cochlear turn. It is clear that the 
afferent dendrites in the habenula, spiral ganglion 
cells, and emerging eighth nerve fibers were all 
densely labeled with silver grains as indicated by 
the significant accumulations of radioactive par- 
ticles over these areas. In addition, the spiral liga- 
ment showed heavy uptake of the tracer com- 
pounds. The higher magnification darkfield photo- 
micrograph of Figure 2B supports the observation 
that essentially all structures of the cochlear duct in- 
cluding the organ of Corti and tectorial membrane 
incorporated [?H]leu. Specific details of the organ 
of Corti were obscured by the dense accumulation 
of silver grains over this region. Given the large 
amounts of localized radioactivity and our standard 
exposure times, no detailed differences in regional 
incorporation of ['H]leu compared to [H]pro were 
apparent. Thus, the pattern of labeling in the CN 
did not appear to be the result of a preferential 
utilization of leucine or proline by separate mor- 
phological elements within the cochlea, but rather a 
difference in regional distribution. 


DISCUSSION 


Recent studies have relied upon axonal transport 
of labeled amino acids from the cochlea either to 
trace eighth nerve fiber connections to the central 
nervous system'? or identify putative neurotrans- 
mitters.° Common to all investigations has been the 
intracochlear injection of various labeled com- 
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pounds and the assumption that substan»es intro- 
duced in this manner were generally incerporated 
throughout the cochlea. The results of the present 
studv, however, have direct implications for stucies 
in which tracing techniques are used to ceterm-ne 
functional connections. It is apparent tkat intra- 
scalar injection without local cochlear perfusion 
can frequently result in nonuniform distribution: of 
tracer materials, a finding that has been only car- 
sorily addressed in a few earlier reports.' *?^ Such 
sporadic uptake following a round window-injec- 
tion route poses serious problems for quantitative 
interpretation of axonally transported substances to 
the CN. 


Based on evidence presented here, an even more 
serious consideration is the observation that [^H]leu 
was incorporated differently within the cochlea 
than [*H]pro, thus further complicating the inter- 
pretation of results from studies descr bing :he 
transport of amino acids. In our hands, tke pattern 
of uptake for Hjleu or [H]pro in the guinea pig 
was surprisingly consistent between animals, sag- 
gesting a minimal role for injection-procedure vari- 
ables and implicating the type of amino acid as a 
major contributing factor in explaining d:fferen-ial 
incorporation. This notion is consistent with the ob- 
servations demonstrated in Figure 1 which illustrate 
the distinctive distributions of [H]pro versus 
^ H]leu in left and right cochleas, respectively, of 
the same animal. 


We interpret the findings of a different patterr. of 
utilization for the two amino acids to be of a 
biological origin and not related to methcdological 
considerations since every precaution wa: taken to 
use identical injection and tissue preparetion pro- 
cedures. More convincing is the fact thet proline 
readily gained access to vestibular nerve afferents, 
probably due to its greater propensity to cross cell 
membranes or, perhaps, areas of cellular soecializa- 
tions, ie, the "tight junctions" that surround :he 
scala media.'® Thus, following injections of 
[*H]pro, not only was the vestibular nerve heavily 
labeled in our subjects as well as those of others,'" 
but proline also has been reported in these same 
studies to be easily transported transsymapticelly 
throughout the brainstem auditory system. Neitaer 
of the above observations readily occurs following 
even substantial injections of [Hlleu. These results 
argue strongly that the two amino acids actively 
cross cellular barriers and participate in binding 
and consequent cellular transport processes, eacl. in 
its own unique manner. It is noteworthy “hat in an 
earlier study performed in this laboratory. identical 
intracochlear injections of horseradish peroxidase 
(HRP) resulted, at times, in incomplete anterograde 
labeling of the CN,” with this particuler tracer's 
central distribution pattern most resembliag that of 
proline. 


Our results with tritiated leucine showing uptake 
in primary dendrites, spiral ganglion eells, and 


eighth nerve fibers are consistent with previous in 
vitro" and in vivo experiments'’ demonstrating 
that |*H]leu was uniformly incorporated by all 
eleraerts of the organ of Corti, thus suggesting ac- 
tive transport of this material. These observations 
are alse in agreement with a variety of reports docu- 
menting the tendency for a number of compounds 
to cross the basilar membrane and enter the organ 
of Corti.'* 


Preferential labeling of ['H]leu and [H]pro is not 
unique to either the auditory nervous system or to 
sensory systems in general." In a recent report 
describing differences in the pattern of neuronal 
kabeling following separate injections of the two 
amine acids in the dorsal column nuclei of the cat, 
Molinari and Berkley”? suggest a number of hypo- 
theses -o explain their observations of differential 
incorperation. Several of these hypotheses may also 
expiair the similar outcome observed in the present 
study. Thus, documented inner ear regional differ- 
ences ia metabolic needs would influence the rate 
that basal versus apical cells synthesize particular 
proteirs; that proline, a nonessential amino acid, 
plavs a greater role in the transmission of neural im- 
pulses than leucine and consequently is taken up 
more cenerally by the system is also possible; dif- 
ferenees in membrane transport characteristics or 
rate cf uptake for proline and leucine would result 
in ene compound having greater time to diffuse 
throug3out the cochlea; evidence in other neural 
systeraz that glial cells actively incorporate proline 
implieates these cells as important intermediaries in 
the tra issynaptic transport of this amino acid; and, 
finally a damaged cochlea, perhaps due to the toxic 
effects of the physiological saline carrier, may 
stimuizte an increase in synthesis for a specific pro- 
tein that requires leucine as a substrate resulting in 
Ks immediate and complete uptake. Although it is 
at prezent unclear how cochlear mechanisms of 
amine acid utilization account for the differences in 
cellula incorporation patterns of [?H]leu and 
FPH pre observed here, it is apparent that a simple 
round window injection of tracer does not con- 
cistenily demonstrate the complete projection pat- 
tern of the cochlear division of the eighth nerve. 


The findings reported in this study indicate that 
frozen-sectioned cochlear tissues yield autoradio- 
graphie results comparable to those obtained with 
standa-d plastic- or paraffin-embedding pro- 
cedures. Most importantly, the frozen-sectioning 
methed allows for rapid processing of histological 
sections and in the absence of harsh organic 
solvents, results in considerably less tissue shrinkage 
and distortion. 


We have shown here convincing evidence that 
frozen sectioning provides an efficient means to per- 
form autoradiography on the entire cochlea or to 
study specific patterns of radioactivity within the 
cochlea for any number of compounds suspected of 
being important to cochlear function. The frozen- 
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sectioning method also will permit examination of 
anterogradely transported materials from damaged 
cochleae or, conversely, retrogradely transported 
substances from the CN that promise to result in im- 
portant contributions to the study of a number of 
unresolved issues currently of concern to the 
auditory physiologists and anatomists. For exam- 
ple. the relation between the functional activity of 
single CN neurons and their specific cochlear toci in 
both normal and damaged ears could be read:ly de- 
termined following retrograde transport of microin- 
jected quantities of labeled HRP from the CN to the 


cochlea. Once the nature of cochlear insults 
necessary to block normal tracer uptake is known, 
the injection of tracers promises to become an effi- 
cient method for surveying the status of remaining 
nerve fibers in the traumatized ear. Perhaps, as sug- 
gested earlier by Jones and Casseday,? the use of 
labeling techniques to indicate the location of intact 
hair cells corresponding to the projections of func- 
tional nerve fibers will reveal new details concern- 
ing the principle of tonotopicity in the peripheral 
auditory system. 
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The topographic arrangement of motoneurons innervating the muscles whica-participate in the rostrocaudal movement of the larynx 
was studied in cats by means of the horseradish peroxicase (HRP) method. After E RP injection into these muscles, all labeled neurons were 
found in the nuclei of the brainstem and cervical nerves (C1, C2) ipsilaterally. “he mylohyoid and anterior digastric motoneurons were 
seen in a cluster in the medial part of the rostrocaudal area of the motor trigeminz: nucleus. Within the medial part of the nucleus, the my- 
lohyoid motoneurons were located ventrally and the arterior digastric motcneuroms dorsally. The posterior digastric neurons were situated 
in the accessory facial nucleus, the stviohyoid neurons in the ventral aspect of the <acial nucleus, the geniohyoid motoneurons in the ventral 
aspect of the hypoglossal nucleus, and the thyrohyoid motoneurons in the lateral aspect of the hypoglossal nucleus and the dorsomedial part 
of the ventral horn cells of C1. The HRP-labeled neurons of the sternohyoic and s:eraothyroid muscles were observed in the central portion 


of the ventral horn cells of Cl and C2. 


INTRODUCTION 


The movement of the larynx in the rostrocaudal 
direction is achieved by the suprahyoid and in- 
frahyoid muscles. During the pharyngeal stage of 
swallowing, the anterorostral excursion of the 
larynx is a most important movement as is the 
closure of the larynx. This laryngeal elevation is 
achieved mainly by the geniohyoid (GH) and thyro- 
hyoid (TH) muscles. In addition, the mrylohycid 
(MH), anterior digastric (ADG) and stylohycid 
(STH) muscles play a supplementary role in this 
laryngeal elevation.’ On the other hand, the 
downward movement from the maximum elevation 
of the larynx is accomplished by the recoiling force 
and gravity. During this movement the sternohyoid 
(SH) and sternothyroid (ST) muscles occasionally 
show weak discharges on electromyograms.^ The 
location of motoneurons supplving the MH and 
ADG muscles was investigated by Willems (in rab- 
bits),? Szentágothai (in cats),* Vedral and Matzke 
(in cats)? utilizing the retrograde cell reaction, by 
Mizuno et al (in cats),* and Batini et al Jin cats)’ 
with the use of the horseradish peroxidase (HRP) 
method. The localization of the posterior digastric 
(PDG) motoneurons was investigated by Szentago- 
thai (in cats)? using a Gross-Bielschowsky method in 
which the secondary degeneration of end-rlates and 
motor fibers was analyzed after destroyirg the fa- 
cial nucleus, and by Mizuno et al by meens of the 
HRP method.* The STH motoneurons of eats were 
studied by Szentagothai® by means of the seme tech- 


pA 


nique as described above. Parhon and Goldstein (in 
dogs, Kosaka and Jagita (in dogs),'? and Barnard 
(in deas! and Stuurman (in mice)"? reported the 
lecaticn of the GH and TH motoneurons investi- 
gated by means of the retrograde degeneration 
method. Berkelbach (in Erinaceus europaeus), in- 
vastigeting serial sections of the brainstem, and Ue- 
mura 2t al,'^ using the HRP method, investigated 
the GH, TH, SH, and ST motoneurons. In 1981 we 
demorstrated the location of the motoneurons of 
the Gi and the TH muscle in cats using the HRP 
method.'5 In all the previous studies on the localiza- 
tion cf motoneurons innervating the suprahyoid 
and the infrahyoid muscles which participate in the 
rostroeaudal movement of the larynx, only a few se- 
lected muscles were investigated. However, there 
have been some conflicting opinions. The main pur- 
pose cf the present study was to determine spatial 
relaticnships of the motoneurons of all the suprahy- 
oid ard infrahyoid muscles using the same tech- 
nique in the same animal species. We adopted the 
HRP method. This study is one in a series of our 
s:udie:'* 5 of the topographic arrangement of mus- 
cies related to the function of the larynx. 


MATERIAL AND METHOD 


Severty cats weighing from 400 to 2,700 g were studied as 
icllowszthe MH, ADG, PDG, and STH each in ten cats, and the 
S4 and ST each in 15 cats. There is no omohyoid muscle in cats. 

The animals were anesthetized with ketamine (30 to 40 mg/kg 
iri). Afer exposing the muscle, 1 to 3 uL of 30% HRP (Toyobo 
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ARRANGEMENT OF MOTONEURONS INNERVATING MUSCLES WHICH PARTICIPATE 
IN ROSTROCAUDAL MOVEMENT OF LARYNX 


Arrangement of HRP-Labeled Neurons 
Movement of Larynx —— Muscles” uu Nucleus f Location in Nucleus 


Anterorostal direction Suprahyoid 
MH Motor trigemina! nucleus Ventromedial, caudal 2/3 
ADG Motor trigemina! nucleus Dorsomedial, caudal 2/3 
PDG Accessory facial nucleus 
STH Facial nucleus Ventral, central 3/5 
GH Hvpoglossal nucleus Ventral, central 2/3 
Infrahyoid 
TH Hypoglossal nucleus Lateral, caudal 1/3 
Ventral horn celis of Cl Dorsomedial, whole extent 
caudal direction SH Ventral horn cells of C1 & C2 Central, whole extent 
SE Ventral horn cells of C1 & C2 Central, whole extent 


"Innervation was ipsilateral in all cases. 


grade I-C) dissolved in sterile 0.9% saline was injected manually 
into the muscle belly with a 10 4L microsyringe under cn opera- 
ting microscope. After a survival time of 24 to 48 hours, tae brains 
of the animals were fixed by transcardial perfusion. Frozen sec- 
tions through the medulla oblongata and the cervical cord were 
made serially at 60 um thickness for demonstration of theenzyme:; 
a horizontal section was done for one cat, a sagittal section for one 
cat, and transverse sections were done for the remaining cats in 
each group. Details pertaining to the procedures of HRP injec- 
tion, perfusion, tissue fixation, staining and mounting have been 
described elsewhere.'* The neutral red is adopted as the counter- 
staining in this study, 


RESULTS 


We have investigated the GH and TH mctoneu- 
rons and reported the results elsewhere.'5 Ir. order 
to relate the location of these motoneurons to that of 
the motoneurons of the muscles investigated in the 
present study, the outline of the results of the pre- 
vious investigation will be described in this section. 


The Table summarizes the arrangement of la- 
beled neurons after HRP injection of the suprahyoid 
and the infrahyoid muscles. All of the labelec moto- 
neurons for these muscles were found ipsilaterally. 





In order to facilitate understanding the results of 
localization of motoneurons in the suprahyoid and 
the infrahyoid muscles of cats, three groups of fig- 
ures are presented. Figure 1 schematically shows 
the outline of the location of the labeled motoneu- 
rons of the muscles investigated in the horizontal 
and the sagittal planes of the medulla oblongata 
and the cervical cord. Figure 2 schematically 
depicts the location of the HRP-labeled motoneu- 
rons in the transverse plane of the medulla ob- 
longata and the cervical cord at seven levels (A-G) 
which are indicated in Figure 1. Figure 3 demon- 
strates photomicrographs of nine selected sections of 
the brainstem and the cervical cord. 


Mylohyoid Muscle and Anterior Digastric Muscle. 
Following HRP injection into the MH and ADG, la- 
beled neurons were identified in the medial part of 
the motor trigeminal nucleus exclusively. Within 
this medial part of the nucleus, MH motoneurons 
were slightly scattered and occupied the ventral 
portion, while the ADG motoneurons aggregated in 
the dorsal portion (Figs 2A and 3A). In the horizon- 
tal plane, the motoneurons of MH and ADG were 


dorsal 


A 





B ventral 


Fig l. Arrangement of labeled motoneurons in A) horizontal and 
B) sagittal plane of brainstem and cervical cord. A-G indicate 
levels depicted in Fig 2. 5N - Motor trigeminal nucleus; 7N - 
Facial nucleus; PD - Pyramidal decussation; MH - Mylohyoid 
muscle: ADG - Anterior digastric muscle; PDG - Posterior 
digastric niuscle; STH -Stylohyoid muscle; GH - Geniohyoid mus- 
cle: TH -Thyrohyoid muscle; SH - Sternohyoid muscle; ST - Ster- 
nothvroid muscle. 
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Fig 2. Transverse sections of brainstem and cervical cord showing labeled neurons of each muscle. A) Motor trigeminal nucleus; B) 
Between eaudal part of motor trigerminal nucleus and rostral part of facial nucleus; C) Caudal part of facial nucleus; D) Caudal 
part of principal nucleus of inferior olive; E) Beginning of central canal; F; Rostral part of C1: G) Middle part of C2. SO - Superior 
olivary nucleus; 12N - Hypoglossal nucleus; AM - Nucleus ambiguus; 9O - Inferior olivary nucleus; VH - Ventral horn. Muscle ab- 


breviations as in Fig 1. 


located in the caudal two thirds of the nucleus and 
were seen to partly overlap each other (Fig 1). 


Posterior Digastric Muscle. The HRP-labeled 
neurons of PDG were recognized in the accessory 
facial nucleus (Figs 2B and 3B). This nucleas is situ- 
ated in the caudal part of the motor trigerainal nu- 
cleus and is dorsorostral to the facial nuc:eus (Fig 
1). 

Stylohyoid Muscle. The neurons labe:ed with 
HRP of STH were situated in the facial nucleus. 
Within the facial nucleus STH motoneurons were 
localized ventrally in the central aspect o: the nu- 
cleus (Figs 1, 2C and 3B). 


Geniohyoid Muscle. The labeled motoneurons of 
GH were cbserved in the rostral two thirds of the 
ventral aspect of the hypoglossal nucleus (Figs 2D, 
E and 3C). The labeled-cell column for GH ex- 
tended from the level of the well-developed portion 
of the principal nucleus of the inferior olivary 
nucleus to the level where the central canal begins 


(Fig 1). 


Thyrohyoid Muscle. The motoneurons of TH 
were located in the caudal one third and lateral 
portion of the hypoglossal nucleus and abo in the 
dorsomedial part of the ventral horn cells of cervi- 
cal nerve (C)1 (Figs 2E, F and 3C). They extended 
from the level where the central canal begins to the 
level of the caudal part of the ventral horn of C1. 
The rostral end of the cell column for TH was lo- 


cated near the caudal end of the cell column for GH 
(Fig 1). 

Sternchyoid Muscle and Sternothyroid Muscle. 
The HEP-labeled neurons of SH and ST were found 
in the central portion of the ventral horn cells of C1 
aad C2, with the SH neurons located dorsomedial 
to the ST neurons (Figs 2F, G and 3D). The labeled 
cell eclumn for SH and ST stretched from the level 
0: the rostral end of the pyramidal decussation to 
the caudal end of C2. The level of the rostral end of 
the labeled cell column for SH was more rostral 
thar: that of the labeled cell column for ST (Fig 1). 


DISCUSSION 


According to Willems,? Mizuno et alf and Batini 
e- al’ tke motoneurons of MH and ADG in rabbits 
aad cats were located in the ventromedial part of 
the motor trigeminal nucleus. In addition, Mizuno 
e: al showed that, within the ventromedial division 
of the motor trigeminal nucleus, MH was repre- 
sented in the ventrolateral subdivision and ADG in 
the dorsomedial subdivision. This location of MH 
aad ALG motoneurons, however, is not in accord- 
aace with that reported by Szentagothai* and 
Vedral and Matzke.’ Szentágothai showed that MH 
aad AMG motoneurons in the cat were localized in 
the dorsal aspect of the motor trigeminal nucleus; 
Vedral and Matzke reported that the MH and ADG 
n2urons were represented in the posterior half of the 
same nacleus. In these respects, our findings agree 
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ADG 





Fig 3. Cross sections of brainstem and cervical cord innervated by HRP-labeled neurons (arrows). A) 
MH - Mylohyoid muscle; ADG - Anterior digastric muscle. (Left - x10: right - x50) 


with those of Willems, Mizuno et al and Bazini. In 
the present investigation, the motoneurons of MH 
and ADG were aggregated into a cluster within the 
motor trigeminal nucleus and were found alwavs in 
the caudal two thirds of the nucleus. 


Szentágothai* reported and Mizuno® later con- 
firmed that the efferent neurons for PDG lie outside 
of the facial nucleus, probably in the accessory nu- 
cleus which lies between the facial and abducent 


nuclei. This small group of motoneurons corres- 
ponds to the nucleus nervi facialis accessories of 
Taber"? or the retrotrigeminal nucleus of Berman.?? 
Our results are in general agreement with the find- 
ings of Szentágothai and Mizuno et al. In all three 
studies PDG motoneurons were observed in the ac- 
cessorv facial nucleus. 


The present studv also confirmed Szentágothai's 
data on the location of the efferent neurons of STH. 
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Fig 3, cont'd. B) PDG - Posterior digastric muscle: STH - Stylehyoid muscle. (Left - x10: right - x50) 


Both studies identified the efferent neurons which 
supply STH in the posterior part of the facial nu- 
cleus dorsally and mediallv. Additionally. we also 
recognized STH motoneurons in the central aspect 
of the facial nucleus ventrally in all the ten animals 
investigated. 

According to the literature, neurologists have 
three different opinions concerning the inrervation 
to GH and TH. Textbooks of anatomy and otolar- 
yngology state that the innervation is by the hvpo- 


glossal nerve, by Cl and C2, or by both of them. 
These theoretical differences may be explained by 
reviewing a description of the anatomical structure. 
The superior radix of the ansa cervicalis, which in- 
volves both the anterior branches of Cl and C2, 
partly joins with the hvpoglossal nerve. The nerves 
which enter GH and TH branch out of the hypo- 
glossal nerve peripheral to this union. It is not clear 
if some nerve fibers from Cl and/or C2 enter the 
hypog ossal nerve to innervate GH and/or TH. Ac- 
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Fig 3, cont'd. C) GH - Geniohyoid muszle; TH - Thyrohyoid muscle. TH (I) is at level of caudal part of 
hypoglossal nucleus; TH (II) is at level of middle part of C1. (Left - x10; right - x50) 


cording to Parhon and Goldstein,? Kosaka and 
Jagita,'" and Barnhard,'' after sectioning the de- 
scending branch of the hypoglossal nerve, retro- 
grade cell reactions were observed in the dor- 
solateral part of the caudal hypoglossal nucl»us. In 
contrast, Stuurman"? found cell reactions in the 
ventral horn of the cervical cord. 


Other investigators have observed that GF. moto- 


neurons were located in the hvpoglossal nucleus and 
TH motoneurons in the Cl and C2," and that the 
motoneurons of the GH were situated in the ven- 
tromedial division of the hypoglossal nucleus, but 
no labeled neurons were found within the hypoglos- 
sal nucleus after HRP injection into TH, SH and 
ST." In the present study, the location of GH 
motoneurons was identified only in the ventral divi- 
sion of the hypoglossal nucleus, which is in agree- 
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Fig 3, cont'd. D) SH - Sternohyoid muscle: ST - Sterrothvreid muscle. (Left - x20; right - x50) 


ment with reports of Parhon and Goldstein.’ 
Kosaka and Jagita,'® Barnhard,''! Berke bach, ? 
Uemura et al,'* the textbooks of Kaneko,?' Sobotta 
and Figge."  Kopfsch,? McNab Jones.” and 
Williams.?5 

On the other hand, the localization of TH 
motoneurons was recognized both in the caudal 
part of the hypoglossal nucleus and in the ventral 
horn of Cl which support the anatomy studies of 
Gray?’ and Cunningham.” 


With respect to the localization of the SH and ST 
motoneurons, Berkelbach" observed that both of 
them were found in the C2. According to Stuur- 
man," TH is innervated by the cervical cord and 
SH by C1 exclusively. As mentioned earlier, Uemu- 
ra * reported that no labeled neurons for SH and ST 
were seen in the hypoglossal nucleus. By means of 
the HFP method, the present study demonstrated 
the precise location of the motoneurons of these 
muscles to be in the central portion of the ventral 
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horn cells of Cl and C2. 


We believe that our previous reports'^'? and the 
present data on the motoneurons supplying the 
muscles that partake in the laryngeal funct on may 
be useful in interpreting the neurons' physiological 
mechanism on the control of laryngeal functions. 


In summary, after HRP injection into the muscles 
which participate in the rostrocaudal movement of 
the larynges of 70 cats, all of the motoneurens with 
labeled peroxidase were found in the ipsilateral 
side. The labeled neurons of MH and ADG were 
recognized in the medial part of the motor trigem- 
inal nucleus. Within this medial part of the nucleus, 
MH motoneurons were located ventrally ard ADG 
motoneurons dorsally. The motoneurons of PDG 


were situated in the accessory facial nucleus, STH 
neurons of PDG were situated in the accessory 
facial nucleus, STH neurons in the central part of 
the facial nucleus ventrally, GH motoneurons in the 
ventral aspect of the hypoglossal nucleus, and TH 
motoneurons in the lateral aspect of the hypoglossal 
nucleus and the dorsomedial part of the ventral 
horn cells of C1. The HRP-labeled neurons of SH 
and ST were observed in the central portion of the 
ventral horn cells of Cl and C2. Clearly the loca- 
tion of the motoneurons in these muscles is only a 
first step in understanding laryngeal involvement in 
swallowing. Additional work is needed to deter- 
mine axon connections in order that the physiology 
can be understood sufficiently well to apply this 
knowledge to functional movements of the larynx. 
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by the National Academy of Sciences — 
National Research Council and/or other infor- 
mation, FDA has classified the indications as 
follows. Effective: Management of nausea and 
vomiting, and dizziness associated with 
motion sickness. Possibly Effective: Manage- 
ment of vertigo associated with diseases 
affecting the vestibular system. Final classifi- 
cation of the less than effective indications 
requires further investigation. 
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CONTRAINDICATIONS. Administration of 
An ivert* (meclizine HCl) during pregnancy 
or o women who may become pregnant is 
contraindicated in view of the teratogenic 
effect of the drug in rats. The administration 
of meclizine to pregnant rats during the 12th- 
15ta day of gestation has produced cleft 
palate in the offspring. Limited studies using 
doses of over 100 mg/kg/day in rabbits and 10 
mg^kg/day in pigs and monkeys did not show 
clert palate. Congeners of meclizine have 
caused cleft palate in species other than the 
rat. Meclizine HCl is contraindicated in indi- 
viduals who have shown a previous hypersen- 


sitivity to it. WARNINGS. Since drowsiness 
may, on occasion, occur with use of this drug. 
patients should be warned of this possibility 
and cautioned against driving a car or operat- 
ing dangerous machinery. Usage in Children: 
Clinical studies establishing safety and 
effectiveness in children have not been done: 
therefore, usage is not recommended in the 
pediatric age group. Usage in Pregnancy: 

See "Contraindications." ADVERSE REAC- 
TIONS. Drowsiness, dry mouth and, on rare 
occasions, blurred vision have been reported. 
More detailed professional information avail- 
able on request. 
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“Ear Putty” is a soft, putty - like 
silicone polymer, in plug form, 
which seals virtually any size 
ear canal. No fitting required. 
Colorful storage packages are 
provided for patient convenience 

and reuse. 


Medco-Mold is a two-part silicone, 
mold forming system which can 
be quickly and easily com- 
pounded and fitted to the ear. 
The compound cures in-the-ear 
in minutes, providing a durable, 
custom ear protector. 
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is especially effective and easy to use for are used by children and adults following 
infants and toddlers, because it is soft, myringotomy and for protection of patients 
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Autoimmune sensorineural hearing loss was induced in rats by immuzizisg: ‘hem with native bovine type II collagen. Type I and de- 
natured type HH collagen, administered by an identical immunization proceziure, wculd not induce disease. Evidence of sensorineural hear- 
ing loss was obtained by measuring the brainstem evcked potential and by-ob:sersing histopathologic changes consisting of cochlear nerve 
degeneration and perineural vasculitis in affected ande Immunized azimalshad high levels of antibodies to native type II collagen. 


Deafness can be due to many different causes in- 
cluding infection, vascular insufficiency, drug tox- 
icity, hereditary defects, metabolic- endocrine dis- 
orders, malnutrition, and tumors. A case report of 
human autoimmune sensorineural hearing loss was 
recently described by McCabe.’ This new entity 
was established based on its clinical pattern and re- 
sponse to treatment. Although immunologic injury 
was implicated in the pathogenesis of deafness in 
McCabe's case report, an autoimmune eticlogy was 
not proven. If it could be shown that autoimmune 
mechanisms can result in hearing loss, exc:ting new 
possibilities for diagnosis and treatment of hearing 
disorders wouid be established. 


In this report we describe an animal model of im- 
munologically mediated hearing loss. Immunolozic 
hypersensitivity to native type II collagen. a major 
structural component of connective tissue. has pre- 
viously been shown to induce arthritis in rats? and 
mice,? and chondritis of the ear lobe in -ats.* We 
have discovered that sensorineural hearing loss can 
also be induced by immunization with native type 
II collagen, but not with type I or denatured type II 
collagen, In our experiments temporal bore pathol- 
ogy revealed cochlear ganglion degeneretion and 
perineural vasculitis; vestibular dysfunction was 
also observed. Furthermore, hearing loss was trans- 
ferred by injection of a gamma globulin containing 
fractional amounts of sera from type II collagen- 
immunized animals. Our observations suggest that 
a definite clinical entity of deafness due te autoim- 
munity to tvpe II collagen does exist. 


MATERIALS AND METHODS 


Female inbred Lewis rats weighing 100 to 125 g each were sup- 
plied by the Charles Rivers Company. courtesy of the National 
Institutes of Health. The animals were fed standaré laboratory 
chow and water ad libitum. 


d used in our studies consisted of bovine and chick type 


IEcoÉasen and bovine type I collagen. All collagens used were ex- 
tracted ov limited pepsin digestion of cartilage or skin. Isolation 
and pu ification of bovine type II collagen (BII),* chick type II 
ccilager,* and bovine type I collagen? were performed as previ- 
ously described. The purity of the collagen preparations was de- 
termine by amino acid analysis, sodium dodecyl sulfate polyac- 
ry amice gel electrophoresis and uronic acid analysis. In each case 
there veas no detectable contamination by noncollagenous pro- 
tems. peoteoglycans, or by other types of collagen. 


Collagen for immunization was dissolved in 0.01N acetic acid 
be stirrmg overnight at 4°C. An emulsion was made by adding 
the cell «gen to an equal volume of Freund's adjuvant and homo- 
genizin: tne mixture using a Virtis Homogenizer. Lewis rats re- 
ceived €.1 mL of emulsion containing 100 ug of BH emulsified 
with insemplete Freund's adjuvant by intradermal injection into 
the righ: hind foot. The rats were boosted seven days later with an 





Fg $. BSEP of rat with hearing loss. A) Stimulation at 85 
d3 measured as described in Methods section. No response 
wasinduced at 65 dB. Note delayed latency of peaks and 
low amplitude of responses. B) Control BSEP. Normal rats 
wer stimulated at 85, 65 and 45 dB. Note differences in 
amaycitude between these figures. 
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Fig 2. BSEP plotting latency v intensity. Immunized rats 
have increased latency over normal rats. e——e - Immu- 
nized rats; © ——-© - Normal rats. 


identically prepared emulsion injected intradermally <nto their 
tails. Sera for measurements of antibody were obtained two 
weeks after primary immunization. Animals were tested for hear- 
ing loss by brainstem evoked potential (BSEP) measurernent. Im- 
munized rats were tested at 2 weeks after primary immunization. 


The potential generated in the auditory nerve and brainstem 
auditory pathway consists of seven positive waves occurring at 
specific latencies. Each peak is presumed to reflect the activity of 
different neural sites, with the first wave generated in the acoustic 
nerve.’* For BSEP measurements, the animals were placed in a 
specially-designed testing box connected to a Nicolet CA-1000 
evoked potential system. 


Auditory brainstem potentials were evoked by binaural presen- 
tation of a 100-p/s click at a rate of 15.1/s through earphones. 
Stimuli intensities used were 85 dB, 65 dB, 45 dB, 30 dB, and 25 
dB. Monopolar recordings were taken with electrodes fized at the 
vertex and the ipsilateral paw. The potentials were amp ified and 
filtered using a band-pass of 150 Hz to 3,000 Hz. Brain electrical 
activity was sampled for 10 ms following the onset of a <click. We 
measured the latencies of the first five peaks, includirg the in- 
terpeak latencies between peak I and each successive peak. In ad- 
dition, each animal was evaluated tympanometrically, and 
vestibular function was tested calorically. Each ear was stimu- 
lated by infusion of 7 mL of water at 4°C. The duration of hori- 
zontal, low-amplitude, low-frequency nystagmus was then mea- 
sured. It is noteworthy that BSEP and nystagmus are central 
manifestations from which peripheral conditions are inferred. 
Therefore, there are some limitations to these methods. 


TABLE 1. PEAK I LATENCIES FROM BSEPs 
OF CONTROL AND IMMUNIZED RATS* (N = 10) 





85 dB 65 dB 45 dB 
Animal /Stimuli Mean SD Mean SD Mean SD 
Control 1.81 x .03 1.79 + .05 2.16 + .05 
Experimental 1.90 + .12 2.1] + .14 2.38 + .05 
P < .005 < .005 < .005 


*Student's £ test, 


Sera were collected by cardiac puncture and antibody titers 
were assayed by an ELISA method described elsewhere.’ In 
short, disposable polystyrene 96-well microtiter plates were 
coated with collagen dissolved in 0.4 ionic strength phosphate 
buffer. pH 7.6. PLE coated plates were incubated with phos- 
phate buffered saline (PBS) containing 0.5% ovalbumin to block 
nonspecific binding. Sera, diluted at 1/1,000 with PBS containing 
0.5% ovalbumin and 0.05% Tween 20, were added to the plates 
which were then incubated overnight at 4°C. After washing, per- 
oxidase-conjugated goat antirat IgG was added at a predeter- 
mined dilution. After incubation at 4°C for four hours, the plates 
were washed three times and 100 nL of orthophenvlenediamine 
(OPD) substrate (40 mg OPD in 100 mL phosphate citrate buffer, 
pH 5.0. with 40 uL of 30% H;O;) was added to each well. T hirty 
minutes later, the colorimetric reaction was read at 490 nm bv us- 
ing a Dvnatec MR 580 microelisa autoreader. Analvsis was per- 
formed in duplicate and the results are expressed as absorbance. 


After measuring BSEPs and obtaining sera for antibodv de- 
terminations, the animals were killed. Their temporal bones were 
dissected en bloc, fixed in 95% cold ethanol and decalcified in 5% 
ethvlenediaminetetraacetic acid buffer solution (pH 7.4). The 
animals were also perfused with 5% glutaraldehyde solution (pH 
7.4). and their temporal bones dissected and fixed with 10% 
neutral buffer formalin. Decalcified tissue was immersed in 56°C 
paraffin, sectioned, and stained with hematoxylin and eosin bv 
standard methods. For immunofluorescent studies, deparaffin- 
ized sections were treated with a 1:100 dilution of FITC-labeled 
goat antirat IgG or antirat C3 for 20 minutes, washed with PBS, 
and mounted with glvcerin. 


RESULTS 


The BSEPs of control rats and immunized rats 
showed that amplitude and latency differed signifi- 
cantlv. There was an absence of electrical activity 
in the immunized rats when they were stimulated at 
an intensity of 25 or 30 dB. These results indicate 
hearing impairment in the immunized rats (Figs 1 
and 2). Table 1 shows the results of testing BSEPs in 
ten experimental and control rats. Amplitude was 
decreased, and the positive waves which occur at a 
specific latency were delayed. These data suggest 
decreased activity of different neuronal sites be- 
ginning with the first wave generated bv the acous- 
tic nerves. The shift in the latency of the first peak 
and the low amplitude of the response are evidence 
of increased neural transmission time, due to in- 
effective reception of physiological stimuli, and 
confirm the presence of sensorineural hearing loss in 
immunized rats. Analogous results were obtained 
using mice immunized with native chick tvpe II col- 
lagen. As an additional control, rats were also im- 
munized with bovine native type I and denatured 
type II collagen. Only rats or mice immunized with 
native type II collagen had significantly impaired 
hearing. 
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Fig 3. A) Cochlear arteries and veins from normal rat. B) Inflamed cochlear artery in autoimmune sensorineural hearing loss in rat. 
Vessel walls are thickened and fibrotic. (H&E, x240; micrograph x3,840) 





Fig 4. Immunofluorescence study of cochlear artery in type II col- 
lagen-immunized rat as shown in Fig 3. Vessel wall is thickened 
and shows positive reaction to rat-IgG. Similar results were ob- 
tained by using fluorescent labelled anti-C3 sera. (x1,728) 


Fig. 5. A) Spiral ganglion from normal ear. B) Degenerated spiral ganglion n ear with autoimmune sensorineural hearing loss. 
Neurons show vacuolate degeneration in which cell bodies are swollen, cytap asm is clear, and nuclei are pyknotic and displaced 
toward two axonal poles of cells. Nerve fiber shows slight decrease in number. (x2,304) 
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TABLE 2. RESULTS OF CALORIC TEST 
FOR VESTIBULAR FUNCTION* 


emer Miet t t at P rra a A i T a a a NS TIT E a a a S ARTT IH 





Average Duration 
of Nystagmus in 





Animal Response in Total Tests — Respond:ng Rat 
Normal TT 22 s 
Immunized 14/34 T8 


"Each ear was stimulated by infusion of 7 mL of cold water at 4?C. 
The duration of horizontal. low-amplitude, low-frequency nvstagmus 
was measured immediatelv following infusion. 


Table 2 shows the results of caloric :esting. 
Among 17 rats tested, eight had bilateral failure to 
respond while five had unilateral failure. Ia those 
showing some response, the duration was dimin- 
ished as compared to control rats. 


Histopathologic studies were performed on the 
inner ears of both experimental and control rats. 
Perivascular abnormalities were observed in the 
cochlear artery (Table 3 and Fig 3). A large rumber 
of mononuclear cells had infiltrated around the 
artery: the vessel was thickened and endothelial 
cells were increased. Mild fibrosis was founc in the 
perivascular area. Immunofluorescence revealed 
the deposition of green fluorescent substances in the 
vessel wall, perivascular fibrous tissue, and sur- 
rounding bone tissue of the cochlear arterv in all 
rats. In the vestibular artery, the carotid artery or a 
large vessel that runs through the tempora: bone, 
the mononuclear cell infiltration was mild with 
perivascular fibrosis. The immunofluorescence 
study, however, detected that green fluorescent 
substances were also deposited in the perivascular 
fibrotic tissue of these vessels in the immaunized 
animals, but not in the control animals. No patho- 
logical changes were seen in the area of small vessels 
or capillaries in regular H & E-stained or immuno- 
fluoresence sections (Fig 4). 


Spiral ganglion cell degeneration was aso ob- 
served (Fig 5). There was vacuolate degeneration of 
the cochlear neurons throughout most of the 
cochlea of the type II collagen-immunized rats. The 
ganglion cell bodies were swollen, the cytoplasm 
clear, and the nuclei were pyknotic and displaced 
toward the axonal poles of the cells. Nerve fibers 
showed slight atrophic changes. Pathclogical 
changes were relatively conspicuous in the apical 
turn relative to the basal turn. In the apical turn, 
50% or more of the spiral ganglion cells were de- 
generated in 16 of 23 rats with type II collagen- 
induced hearing loss, while in the basal turn similar 
changes occurred in 13 of 23 rats. On the other 
hand, only one normal rat had vacuolate degenera- 
tion of 50% or more of the cell population (Table 


nM RR 


Normal (N = 10 Ears) 
<10% 30% ^ 9509 709 
Apical turn 9 | 
Basal turn 9 l 
<10%-100% - Degenerated cell population in each gangl on. 


TABLE 3. PERIVASCULAR DISORDER 
OF COCHLEAR ARTERY IN NORMAL 
AND COLLAGEN-IMMUNIZED RATS 


MUERE RM 
EDMOND Mc aaan EMO 





Collagen- 
Normal Immunized 
(N = 10 Ears) (N = 23 Ears) 
e" + - + 
Perivasculitis § 2 2 2] 
Arterial wall 
thickening 7 3 11 12 
Mononuclear cell 
infiltration 8 9 3 20 
Perivascular 
fibrosis g l 6 17 


4). Immunofluorescence studies did not show pa- 
thology in the area of the spiral ganglion. The organ 
of Corti, stria vascularis, and cochlear nerve also 
had normal histologies revealed on both regular 
H & E-stained and immunofluorescence sections. 
These results are from the animals immunized for 
less than one month's duration. However, when 
these animals were examined two to three months 
after initial immunization, we observed mild 
atrophic changes in the cochlear nerve, organ of 
Corti, and stria vascularis in 12 of 16 immunized 
rats. Hair cells were still present but slightly 
atrophied. No apparent pathological changes were 
observed in the vestibular sensory organ and nerve 
other than those previouslv mentioned. 


Rats immunized with both type I and type II col- 
lagen had detectable antibodies to their respective 
immunogens. In the case of type II collagen, these 
antibodies were highly specific both for the type of 
collagen and for the native conformation (Table 5). 
Because of the deposition of IgG as detected by im- 
munofluorescence, an antibody-mediated etiopa- 
thogenesis was suspected. 


DISCUSSION 


It has previouslv been shown that immunization 
of susceptible rats with native type II collagen 
results in the development of arthritis. We have 
now shown that these animals also develop sensori- 
neural hearing loss and vestibular disease. Evidence 
supports an antibodv-mediated etiology for these le- 
sions. Whether antibody of one specificity causes all 
these lesions is unknown. Some rats were found to 
have ear disease in the absence of arthritis. The 
presence of antibody and complement in the coch- 
lear tissues suggests type II and/or type III immuno- 
logic mechanisms of injury, although type IV reac- 
tions may be involved. No antibody or immune 
complex deposition was detected in the spiral gan- 
glion and the reason for its degeneration is unclear. 


Aeee eA ee TT eee RPA AAAA TENA Mle rr AAEE Antti EEA D an e ein 


Collagen-Immunized (N = 23 Ears) 


o 1008 0 «109 — 309 50% 70% 1009 
| 6 12 4 
5 5 9 4 
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TABLE 5. IgG ANTIBODY TO TYPE II 
COLLAGEN MEASURED BY ELISA 


Antibody (Absorbance at 459 nm) 
Inhibition With: 509 ug/m 





Animal No Inhibition BH DBI RH BI 
Collagen- 
immunized 1.1964 .154 0.126 0.944 0.244 1.094 
Normal 0.038 + .008 ND ND ND ND 
p< .001 


Mean values of ten rats each. Rats immunized with BIT cevelop high 
levels of antibody specific for native conformation-depencent epitypes 
on native type H collagen. BIT - Bovine type II collagen: DBH - 
Denatured bovine type H collagen: RII - Rat type H collagen. 1:1000 
dilution of serum was used. Inhibition assay was carried cut by prein- 
cubation with 50 uz/ml of inhibition collagen for 30 minutes. Antibedy 
against BIT was assayed using BIl-coated plate. 


Immunologically mediated injury consists of four 
different types of reactions. A type I reaction is an 
immediate hypersensitivity reaction involving IgE, 
seen in allergic reactions. A type II hypersensitivity 
is a cytotoxic reaction. The primary event :n a type 
II reaction is that of antibody combining with an 
antigenic determinant which is present on tissue 
cells. This antigen may be part of the internal struc- 
ture of the cell involved, or it may be an exogenous 
antigen or hapten which is absorbed on or com- 
bined with tissue cell component, and it is usually, 
but not always, necessary to produce cellular 
damage. A blood transfusion reaction is a prototype 
of this injury mechanism. The type III kypersen- 


sitivity reaction is mediated by antigen-antibody 
complexes and complements resulting in cell injury. 
A type IV reaction is a delayed hypersensitivity 
reacticn involving T-cell mediated injury. 


We do not know the exact cause of diminished 
vesticular function in those animals without ap- 
parent changes of vestibular sensory organs and 
nerves. It is feasible that perivascular changes 
observed in vestibular vessels might be a possible 
contributing factor; an immune injury mechanism 
involving cellular immunity rather than involve- 
ment cf antibody or complement could be another 
possibilty. These changes could also be due to a 
functieral abnormality without any abnormal 
structural changes, as in some cases of human 
vestioular disorders. 


The histopathologic changes noted in this animal 
model resemble those seen in human sensorineural 
hearing loss.'? In addition, the association with 
hearing loss and vestibular dysfunction observed in 
this model mimics the early symptoms of Meniére’s 
disease. Preliminary studies performed in our labor- 
atorv also suggest that some patients with Meniere's 
disease might have collagen autoimmunity."' Thus, 
this model may be useful in defining the pathogen- 
esis of and identifying treatment for human deaf- 
ness anc vestibular disease due to autoimmunity. 
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HEARING LOSS AFTER HEMOPHILUS INFLUENZAE MENINGITIS 
FOLLOW-UP STUDY WITH AUDITORY BRAINSTEM POTENTIALS 
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Hearing loss was studied prospectively using auditory brainstem potentials in 34 children with Hemophilus 
treated with chloramphenicol and in 36 children with purulent me 


influenzae meningitis 


ningitis caused by microorganisms other than H influenzae treated with 


ampicillin, Our results indicate that high doses of ampic-llin are not associated with permanent hearing loss. Moreover, no statistically sig- 
nificant difference was found in the incidence of hearing loss following H influenzae meningitis and that following meningitis caused by 
other microorganisms, either during the acute phase or in the convalescent period. Neurological damage, when present, was probably 
located in the inner ear or in the auditory nerve. Finally, early hearing loss in purulent meningitis does not always constitute an irreversible 


lesion. 


The exact incidence of hearing loss following 
purulent meningitis has not been established. How- 
ever, it is generally accepted that about 10% of 
children who suffer purulent meningitis will devel- 
op some degree of deafness, and from 5% to 20% of 
deaf school-age children had meningitis before the 
age of 2 years.'-® 


Ampicillin has been the antimicrobial most used 
for therapy of purulent meningitis in the last decade 
with satisfactory results and very few side effects.” ° 
In 1974, Gamstorp and Klockhoff reported an in- 
creased rate of hearing loss following Hemephilus 
influenzae meningitis when treated with high doses 
of ampicillin." Some retrospective studies sup- 
ported the theory that ampicillin was responsible 
for the hearing loss,?'* while others incriminated 
the specificity of the different bacteria and the 
delay in initiation of appropriate antimicrobial 
therapy as the determinant factors in the genesis of 
postmeningitic hearing loss.'* "8 


We studied the auditory function of patients with 
purulent meningitis during the acute phase of the 
disease and after recovery to assess prospectively if 
hearing loss was related to the causative agent or to 
the type of therapy used. 


MATERIAL AND METHODS 


Seventy patients with purulent meningitis, aged 2 wears or 
under, consecutively admitted to the Hospital de Pediatría, Cen- 
tro Médico Nacional, IMSS, were included in this study. The pa- 
tients were divided into two groups. The first group corsisted of 
34 patients who had H influenzae isolated from cerebrospinal 
fluid and who were treated with chloramphenicol (100 mg/kg/- 
day) for ten days. The second group included 36 child-en with 
meningitis caused by other microorganisms (Streptococcus 
pneumoniae, Streptococcus viridans, Staphylococcus aureus and 
Escherichia coli) who were treated with ampicillin (400 mg/kg/- 
day) for ten days. 
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Hearing tests were performed using the brainstem auditory 
evoked responses (BSAER) technique, a useful method for young 
children who are uncooperative with standard audiologic pro- 
cedures.!*?! Recordings were obtained using a Nicolet 1070 aver- 
ager with analysis time set at 15 ms, 0.1-ms time constant of the 
input amplifier, and 2,048 responses to clicks averaged for each 
tracing. Grass P511 preamplifiers were used with an absolute 
gain of 10,000 and filters set at 30 to 3,000 Hz. Two tracings were 
obtained at each stimulus level and were recorded superimposed 
in order to check the replicability of each individual wave. The 
click stimulus was generated with nonfiltered, positive, 0.1-ms 
rectangular pulses, delivered through a Grason Stadler 162 speech 
audiometer for control of amplification and routed to either the 
right or the left earphone (TDH-39 with MX-41/AR cushions). 
Clicks were calibrated to normal hearing level in 20 normal 
young adults (40 ears). All patients included in this study had nor- 
mal middle ears by otological microscope examination. The first 
recording was made between the fourth and tenth day of the 
acute phase of meningitis and the last one six months later, with 
at least one other study performed in between. 


Hearing was defined as normal (NL) if there were wave V re- 
sponses at intensity levels of less than 30 dB. Three levels of hear- 
ing impairment were considered; minimal (M) if no responses 
were seen below 30 dB but responses were evident at stimuli be- 
tween 30 and 40 dB; intermediate (1) if no responses were evident 


TABLE 1. HEARING LOSS IN 34 CHILDREN WITH 
H INFLUENZAE MENINGITIS* DURING ACUTE PHASE, 
IN RELATION TO INTERVAL BETWEEN ONSET 
OF SYMPTOMS AND INITIATION OF THERAPY 





Number of Cases 


BSAER Treated « 48 Treated >48 
Threshold | Hours After Onset Hours After Onset 
_In Both Ears Of Symptoms Of Symptoms Total 
S S — l l 
S I l "E l 
S M l = l 
I M ] l 2 
I NL ] 5 6 
M M 1 2 3 
NL NL 9 11 20 
Total 14 20 34 


"Treated with chloramphenicol (100 mg/kg per day). 
S - Severe; I - Intermediate; M - Minimal; NL - Normal. 


From the Infectious Diseases Division and Clinical Neurophysiology Unit, Hospital de Pediatría, Centro Médico Nacional. IMSS, Mexico City. 
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at stimuli of less than 50 dB but were seen at leve:s between 50 
and 70 dB; and severe (S) if wave V responses were obtainec only 
at click intensity stimuli of 70 dB HL or greater. I: no responses 
were seen to click stimuli of the greatest intensity available (100 
dB), the result was called no response. Statistical enalysis of the 
results was made using the chi-square and Fisher's test. 


RESULTS 


Initial Hearing Evaluation. Fourteen of the 34 
patients (41.2%) with meningitis due to H influen- 
zae treated with chloramphenicol had seme degree 
of hearing impairment at the time of their first 
evaluation with disappearance of not oniy wave V, 
but all other recordable waves as well (Table 1). No 
differences were found between the 14 patients who 
received appropriate antimicrobial treatment 
within 48 hours of symptoms and the 20 patients 
whose treatment was begun later. Hearing loss was 
bilateral in eight patients and unilateral in six pa- 
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Fig 1. Recordings obtained during acute phase and six months 
later ef A) deaf ears of 14 children with H influenzae meningitis 
whe: reeived appropriate antimicrobial therapy within 48 hours 
of onset of symptoms; B) deaf ears of 20 children with H influen- 
zae meningitis whose antimicrobial therapy had been delayed for 
more shan 48 hours after onset of symptoms; C) deaf ears of 36 
children with purulent meningitis caused bv microorganisms 
other than H influenzae treated with ampicillin. 


tients with a total involvement of 22 ears (Fig 


IAE). 


Eight of the 36 (22.2%) patients with meningitis 
caused by microorganisms other than H influenzae 
and who were treated with ampicillin had some in- 
itial hearing loss (Table 2). Four of these patients 
had bilateral and four had unilateral impairment, 
with a total of 12 affected ears (Fig 1C). The in- 
cidemee of acute hearing loss in patients with men- 
ingitis due to H influenzae and patients with men- 
ingitis due to other microorganisms was not signifi- 
cant y different. 


Fellow-up Hearing Evaluation. All initial normal 
hearing tests were normal six months later. Two of 
the 32 patients with initial hearing loss died and 
two failed to return for further hearing tests. The 
initial tests in these patients showed bilateral in- 
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TABLE 2. HEARING LOSS IN 36 CHILDREN 
WITH MENINGITIS* CAUSED BY ORGANISMS 
OTHER THAN H INFLUENZAE DURING ACUTE 
PHASE AND SIX MONTHS LATER 


BSAER Threshold 


No. of Cases at Time of Evaluetion 


In Both Ears Acute Period 6 Mo Later 
S S i T: 
I M 2 ss 
I NL 3 — 
M M l — 
M NL l — 
NL NL 28 34 
Total 36 34 


"Treated with ampicillin (400 mg/kg per day). 


volvement in those who died (severe-severe [S-S], 
intermediate-intermediate [I-I] and unilateral in- 
volvement in the other two (intermediate-normal 
[I-NL]. normal-intermediate [NL-I]). Of tke re- 
maining 12 children with initial hearing loss due to 
H influenzae meningitis treated with chlorariphe- 
nicol, ten had normal follow-up recordings, while 
in two, the loss remained unchanged. These two pa- 
tients have been followed for two years, and ir both 
the hearing impairment persists, one with a unilat- 
eral problem and the other with bilateral involve- 
ment; the final test results were the same as tàe in- 
itial ones (Table 3). Both children had their ar.timi- 
crobial treatment started after 48 hours of onset of 
symptoms but there was no statistical difference in 
the chance that they would acquire a hearinz loss 
when compared to patients who received treatment 
within 48 hours of onset of the disease. The remain- 
ing six initially deaf patients who had meniagitis 
due to microorganisms other than H influenza? and 
who were treated with ampicillin completely recov- 
ered their hearing function (Table 2). The incidence 
of permanent hearing loss in the two groups cf pa- 
tients was not statistically different. 


DISCUSSION 


Because of the recent emergence of 13% of empi- 
cillin-resistant H influenzae strains in our commun- 
ity," we use chloramphenicol (accompanied ir itial- 
ly by sodium penicillin until the etiology is con- 
firmed) for the treatment of H influenzae meningi- 
tis. This clinical material and the availability of a 
reliable technique for the evaluation of aucitory 
function in young children prompted us to stuc y the 
relationship between the etiology of meningitiz, an- 
timicrobial therapy, and permanent hearing loss. 


Our results suggest that high doses of ampicillin, 
as used in patients with meningitis caused by micro- 
organisms other than H influenzae, are not associ- 
ated with permanent hearing loss, an observation 
that supports previous retrospective reports.'*' 
Furthermore, there was no statistically significant 
difference in the incidence of either acute or per- 
sistent hearing loss in patients with meningitis pro- 
duced by H influenzae and that caused by other mi- 
croorganisms. When hearing loss was present, it 


TABLE 3. PERMANENT HEARING LOSS* IN 12 CHILDREN 
WITH H INFLUENZAE MENINGITIS IN RELATION 
TO INTERVAL BETWEEN ONSET OF SYMPTOMS 
AND INITIATION OF THERAPY 


Tr rire a dT T mamana naama 


Number of Cases 


BSAER Treated «48 Treated >48 
Threshold | Hours After Onset Hours After Onset Total 
In Both Ears — Of Symptoms _Of Symptoms — (Cases 
S I = l l 
I NL l l 
NL NL 5 5 10 
Total 5 7 12 


*Six months later. 


consisted of disappearance of all recordable waves 
(I-VII). This suggests that the inner ear or the 
auditory nerve is damaged.?' It appears that inner 
damage is produced by diffuse inflammation of the 
subarachnoid space with local arachnoiditis in the 
auditory canal, leading to neuritis and perineuritis 
of the eighth nerve.? The damage to other cranial 
nerves (III, IV, VI and VII) found in 1.8% of the 
cases in patients with purulent meningitis?* supports 
this pathogenetic hypothesis, as does the fact that 
most often the BSAER abnormalities reverted to 
normal after successful medical management of the 
meningitis. This hypothesis may also be relevant to 
the observations of Richner and Prader,'? who 
found that early treatment of H influenzae menin- 
gitis was less frequently associated with hearing loss 
than those cases where treatment was delayed for 
more than 48 hours. Therefore, it was suggested 
that intense, persistent, and diffuse inflammation of 
the meningeal coverings at the base of the brain en- 
tails a higher risk of cranial nerve damage following 
bacterial meningitis. In our study, although it was 
not statistically significant, the only two children 
with permanent hearing loss following H influenzae 
meningitis had their initial treatment delayed be- 
yond 48 hours of the appearance of symptoms. 


All but two of the 18 patients with initial hearing 
impairment that could be followed in our survey 
had recovered normal hearing by six months, con- 
firming Roesner and Campbell's observation?’ that 
initial hearing loss in bacterial meningitis is usually 
reversible. 


Finally, some consideration should be given to 
the question of whether BSAER to wide-band clicks 
actually measures "hearing." First, the click stimu- 
lus activates all portions of the cochlea, generating 
waves that travel the entire length of the basilar 
membrane. However, because of the increasing loss 
in velocity there are cumulative time delays im- 
posed on the responses of fibers originating in the 
upper segments of the cochlea. Therefore, only the 
activity generated in the basal part has sufficient 
neural units synchronized to produce a significant 
compound, far-field, volume-conducted response. 
There is evidence in the click-evoked responses of 
activity generated at the 2,000 Hz level and perhaps 
a little lower. No activity can be measured in re- 
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sponse to stimuli of 1,000 Hz or lower frequencies. 
The second question is whether measuring electrical 
activity at the lower levels of the auditory pathway 
(up to the inferior colliculus) is equivalent to mea- 
suring the sensation of hearing, which is a cortical 
phenomenon of a psychological nature. Although 
they are not completely equivalent, electrical ac- 
tivity can be considered a fairly reliable index of 
physiological function, especially at the lower levels 


ey inant 


the review of this manuscript. 


of tae auditory pathway. 


With these two limitations in mind, we still 
believe that BSAER can detect gross peripheral 
heariig abnormalities in patients who, because of 
eithe- their age or their clinical condition, could not 
be tested by other methods. Whenever possible, 
however, traditional psychoacoustical testing 
should be carried out. 
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FREQUENCY SELECTIVITY AND TEMPORAL PROCESSING 
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We performed psychoacoustical tuning curves and measured temporal summation in two patients with Friedreich’s ataxia to study 


aspects of frequency selectivity and temporal processing in the auditory system. 


In the majority of frequencies tested, normal 


psychoacoustical tuning curves and unimpaired temporal summation functions were obtained. These findings suggest that the processing 


mechanism responsible for these phenomena is intact. 


INTRODUCTION 


Friedreich's ataxia is a hereditary, progressive, 
and degenerative neurological disorder. Its onset 
occurs before puberty, producing ataxia, dysar- 
thria, weakness, areflexia and proprioceptive defi- 
cits. The dorsal root ganglion (DRG) is a major site 
of neuronal degeneration where large neurons are 
predominantly affected. The large neurons of the 
DRG are the parent cells that mediate propr:ocep- 
tion centrally. Their axons reach skin and joint re- 
ceptors distally and terminate in gracile and cuniate 
nuclei centrally, after traveling in the dorsal col- 
umns of the spinal cord. 


Peripheral nerve sensory action potentials (SNAPs) 
are either absent or grossly diminished in amp itude 
in these patients. This physiological abnormality 
has been attributed to loss of the supporting parent 
cell in the DRG with distal axonal atrophy. We 
found marked abnormalities in the brainstem audi- 
tory evoked potentials (BAEPs) in five patients with 
Friedreich's ataxia.'? The BAEPs either were ab- 
sent or had no recognizable waveforms. We ex- 
plained these findings on the basis of a neuronal loss 
or dysfunction in the spiral ganglion (Sp G). There 
is support for this view from various sources. An- 
other disease, Charcot-Marie-Tooth disease (CMT) 
where DRG cell loss occurs also shows BAEP abnor- 
malities.^? Morphological support for Sp G cel loss 
exists in the literature in two autopsied cases of 
Friedreich's ataxia.* Furthermore, there is evidence 
for evoked potential abnormalities existing in other 
sensory pathways. In two recent studies, visual and 
somatosensory evoked potentials exhibited marked 
abnormalities in Friedreich's ataxia patients.?^* 
Significantly, none of our patients complained of 
hearing difficulties in spite of these gross evoked 





potential and behavioral auditory test abnormal- 
ities we reported previously'? (see Discussion for 
details). Thus, Friedreich's ataxia presents an 
unusua! clinical setting to assess auditory functions 
in a system that lacks a major afferent cell station in 
its pathway. 


To study aspects of frequencv selectivity and tem- 
poral processing ability in this group, we performed 
psychoacoustical tuning curves (PTCs) and mea- 
surements of temporal summation (TS) in addition 
to manv other tests. The PTCs and TS functions are 
process-oriented tests which may further our un- 
derstanding of possible underlying mechanisms 
mediating these processes in humans. Both tests are 
noninvasive and have not been reported previously 
in these patients. 


METHODS 


Both subjects (man, 30 years; woman, 33 years) in this study re- 
ceived complete audiological testing with previously reported 
methods.' 


Psychoacoustical tuning curves were generated using a simulta- 
neous masking paradigm with a fixed-frequency tracking method 
to obtain all masked thresholds. The attenuation rate was 2 dB/s. 
The probe tone was fixed at a characteristic frequency and the 
masking frequency was varied. Probe-tone frequencies consisted 
of pure-tone stimuli of 0.5, 1, and 2 kHz and durations of either 
10, 20, 50 or 200 ms specified at half power points. The rise and 
fall time of the probe tone was 10 ms specified as the time be- 
tween 10% and 90% of the maximum amplitude of the signal en- 
velope. Probe-tone repetition rate was one per second for all dura- 
tions so the expectancy rate was constant for all tones. Masked 
thresholds were established on the basis of 30 to 60 seconds of 
standard tracking after tracking stabilized. Thresholds were de- 
fined as the midpoints of the tracking excursions. Prior to the 
generation of the PTCs, behavioral thresholds were reassessed 
and measurements of TS were made. 


Measurements of TS were made at each frequency (0.5, 1, and 
2 kHz), following the methodology described by Wright.’ 
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Fig 1. Block diagram representing instrumentation utilized 
to obtain PTCs and TS measurements. 


Instrumentation. For PTC implementation, the probe-tone 
and masker signals were produced by two independent oscilla-ors 
(Hewlett-Packard, models 241A and 200ABR). Each signal was 
then sent to the separate power attenuator (Hewlett-Packzrd, 
model 350D). From the power attenuator, the probe tone was 
sent to an electronic switch (Grason-Stadler, model 1287B) that 
provided the appropriate pulse characteristics and then to a 2-dB 
step attenuator (Daven, 1%). From there both signals were sent 
to separate recording attenuators (Grason-Stadler, model 3262A) 
and returned to a transformer-mixer where the pulse probe tone 
and continuous masker were combined. From the mixer, the sig- 
nals were sent to an earphone (Telephonics, modei TDH-39) 
mounted in a supra-aural cushion (MX41/AR). The earphone was 
located inside the sound-treated room with a response switch. The 
frequency of the masker was continuously monitored with a fre- 
quency counter (Hewlett-Packard, model 5223L). The wave- 
forms of the masker and probe tone were monitored continuously 
on separate channels of a multichannel oscilloscope (Tektronix 
model 3A74, Fig 1). 
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RESULTS 


The#esults can be seen in graphic form in Figures 
2 and 3 and in tabulated form in the Table. 


Ali ?TCs and TS functions except one (patient 2, 
at 0.5 kHz) were normal in appearance. The data 
indicated 1) normal, low-threshold, sharply tuned 
tip segments (Qio range 5 to 8), 2) low-frequency 
tail segment exceeding 35-dB/octave slope (range 37 
to 52 dB) and, 3) the high-frequency tail segment 
exceeding 110-dB/octave slope (range 112 to 228 
dB). Mormative comparisons were made utilizing 
iden:ieal methodology from the parametric study 
reported by Grimes and Wright.’ In the majority of 
frequencies tested, the low-threshold sharply tuned 
tip segment and the high-and low-frequency tail 
segments were preserved and considered normal. At 
one frequency (patient 2, at 0.5 kHz), an auditory 
threshold of 55 dB SPL could have accounted for a 
PTC which was not sharply tuned and a truncated 
TS function indicating a cochlear lesion. Addi- 
tionally. in all instances where PTCs were normal, 
TS 4amctions were also normal. Thus, these data 
support normal aspects of frequency selectivity and 
temocral processing abilities in the majority of fre- 
quencies tested. 


DISCUSSION 


We have previously published audiological data 
concerning patients with Friedreich's ataxia.' Audi- 
ological findings from these two patients can be 
seer in Figure 4. Normal auditory sensitivity or, at 
mos, a moderate sensitivity loss at some frequen- 
cies. absent or unrecognizable BAEPs, Performance 
Intensity Functions for Phonetically Balanced 
Worcs (PI-PB) showing the roll-over phenomenon, 
miniraal performance deficit in the Synthetic 
Sentence Identification in the Ipsilateral Com- 
in the SSI-Contralateral Competing Message 
(CCM) mode, and abnormal acoustic reflex 
mezsarements were noted. Viewed as a whole, 
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Fig 2. A) Normal PTC data obtained from left earin patient 1 (female. 33 years) at 0.5, 1. and 2 kHz. B) Normal PTC data obtained 
from left ear in patient 2 (male, 30 years) at 1 and 2 kHz. Curve obtained at 0.5 kHz is broadly tuned and considered abnormal. 
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Fig 3. A) Temporal summation results for patient 1 reveal- 
ing unimpaired temporal summation at 0.5, 1 and 2 kHz. 
B) Results for patient 2 revealing unimpaired temporal 
summation at 1 and 2 kHz. Truncated temporal summa- 
tion function obtained at 0.5 kHz is considered abnormal 
and suggestive of cochlear involvement. Temporal summa- 
tion measurements were obtained by comparing relative 
threshold difference in decibels between 500-20 ms tones. 
Solid black line represents theoretical normal temporal 
summation function.* 


these findings suggest primarily a first order neuron 
(eighth nerve) site of lesion. 


The pathophysiology of this disorder involves the 
DRG where large neurons undergo degeneration. 
Probably, a similar neuronal loss or, at least, dys- 
function occurs in the Sp G, also. We view the de- 
generation of DRG and Sp G neurons as parallel 
processes. Electrophysiological findings are similar, 
that is, absent or grossly diminished SNAPs and ab- 
sent or unrecognizable BAEPs. Histopathologic 
findings of extensive Sp G degeneration in two au- 
topsied patients with Friedreich’s ataxia* are 
noteworthy since the outer spiral fibers destined for 
the outer hair cells appeared to be preserved. This 
corresponds to the findings in animal experiments 
where outer spiral fibers did not degenerate after 
transection of the cochlear nerve, even though the 
myelinated portion of about 95% of the cochlear 
neurons and spiral ganglion cells had disappeared. 
Thus, this disorder seems to naturally simulate the 
auditory nerve degeneration studies reported by 
Spoendlin and Gacek.'? Given these findings, our 
purpose was to determine the effect of this disorder 
on frequency selectivity and temporal summation in 
order to define better the auditory processing abili- 
ty of such patients. We shall review pertinent litera- 
ture first before providing an explanation for our 
findings. 


TABULATED PSYCHOACOUSTICAL TUNING CURVE AND TEMPORAL SUMMATION DATA 
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Patient 1 
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Tuning curves have been used increasingly to 
demonstrate frequency selectivity in the auditory 
system. These measures can be obtained from single 
unit recordings," using compound action poten- 
tials," and by psychoacoustical methods.?? The lat- 
ter may reflect a process similar to its physiological 
counterpart. In one view, frequency selectivity is 
thought to be a peripheral event, mediated by a 
two-stage filtering process,'^ a low-pass mechanical 
first filter reflective of the basilar membrane and a 
subsequent second filter responsible for low-thresh- 
old, sharp-tuning behavior. Kanamvcin, Furose- 
mide, intracochlear cyanide and hypoxia appear to 
have the general effect of increasing thresholds and 
eliminating the sharply tuned tip portions of the 
tuning curves." Evans proposes that these agents 
impair the metabolically labile second filter, leav- 
ing intact the mechanical filtering properties of the 
basilar membrane. This results in broadly tuned 
curves. Siegel and Kim'* also support a peripheral 
basis for frequency selectivity and sensitivity. How- 
ever, they attribute this process to the bidirectional- 
ly coupled motion of the cochlear partition empha- 
sizing this to be a metabolically dependent, biome- 
chanical process. 


Frequency selectivity has also been studied from 
an ontogenetic perspective. Carlier et al'* showed 
that sharply tuned curves were not seen in kitten 
and rat pups until functional maturation of outer 
hair cells occurs in the organ of Corti. However, 
Saunders et al? suggest that in the mouse, the 
development of afferent dendritic synaptic contacts 
with the inner hair cells accounts for the reported 
development of frequency selectivity. 


Morphological diversity at the hair-cell and neu- 
ronal level of the auditory system is well docu- 
mented.^' Outer hair cells may be responsible for 
low level threshold behavior," and in many ani- 
mals, an elevation of absolute hearing sensitivity oc- 
curs after selective elimination of outer hair 
cells. However, single unit data elicited from 
the eighth nerve fail to demonstrate two popula- 
tions of fibers having different thresholds.''25 


Bilger's suggestion?* that TS may reflect the in- 
tegrity of outer hair cells is supported by anatomical 
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Patient 2 


Tuning Curve Components 500 Hz 1000 Hz 2000 Hz 500 Hz 1000 Hz 2000 Hz _ 
Tail (dB/octave slope) 

Low frequency tail 37 44 52 3] 48 42 

High frequency tail 122 112 202 44 228 122 
Qi,* 6.3 5 8 1.6 6.6 8 
Probe tone sensation level (dB) 10 10 10 10 20 15 
Probe tone duration (ms) 10 50 10 20 200 200 
Unmasked threshold (dB SPL) 28 32 55 15 10 
Temporal summation (dB) 15 15 i2 4 15 10 


"Qio was derived by dividing the probe-tone frequency by the bandwidth of the tuning curve 10 dB above the masked threshold at the characteristic fre- 


quency. 


Temporal summation functions were elicited comparing the threshold differences in decibels between 500 ms- and 20 ms- duration tones. 
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Fig 4. A, B) Audiometric test results of patients | and 2. Normal auditory sensitivity or, at most, moderate sensitivity loss at some 
frequencies, absent or unrecognizable BAEPs (left ear results depicted £1 both: diagrams). PI-PB rollover phenomenon, minimal per- 
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formance deficit in the SSI-ICM and normal performance in the SSLCC™ cdality, and abnormal acoustic reflex measurements. 


(Reprinted with permission.) 


evidence. Outer hair cells are more susceptible than 
inner hair cells to the effects of noise exposure” and 
TS is disrupted by even mild exposures to sound.?*?! 


Cochlear microanatomy research is of »articular 
interest to frequency selectivitv. It has identified 
the presence of stiff stereocilia in the hair cells. The 
stereocilia are, in part, composed of actin fila- 
ments.” The actin filaments, in additien to gro- 
viding a mechanical tuning capability, may alsc be 
metabolically regulated.” Additionally, the ee 
architecture of the chinchilla inner heir cell i 
thought to be maintained by the striated or Lei: 
(Friedman body) present in the infracuticular plate 
region of these cells. They may provide directional 
orientation for the stereocilia by controling con- 
tractile proteins.?*^?' The tallest stereociiia of the 
outer hair cells are attached to the tectorial mem- 
brane.?*?? Harris"? has suggested that a change from 
a stiff to a loose coupling of the hair cell stereocilia 
to the tectorial membrane can elevate auditory sen- 
sitivity by as much as 55 dB. Tonndorf* has ex- 
tended this hy pothesis and suggests that dvsfunction 
of the hair cell stereocilia decouples the involved 
hair cells from the tectorial membrane causing sen- 
sory hearing loss, recruitment, poor speeca discrim- 
ination and tinnitus. 


With the above review as a basis, we offer these 
explanations for the findings in our patents. The 
preservation of sharply tuned PTCs and relatively 
intact pure-tone sensitivity appear to incicate that 
the sensory processing mechanism responsible for 
these phenomena is intact. Within this ccntext, the 
favorable speech discrimination (PB maz) and the 


performance on other speech tests utilized (Fig 4) 
ma» also be in agreement with a sharply tuned pe- 
r:pheral system as revealed by our PTCs. It was also 
c5served that by increasing the intensity variable in 
speech discrimination testing. a dramatic decrease 
ia performance resulted, producing the PI-PB roll- 
ever phenomenon. This finding suggests that a 
reduction in channel capacity may occur as a result 
cf cepopulation of Sp G neurons. 


The lack of synchronous, well-developed BAEPs 
anc the histopathologic findings reported by 
Spoendlin* also lead us to believe that in our pa- 
tents, significant dysfunction exists at the level of 
tae Sp G. As a result, the neural elements needed to 
mediate the precise timing and synchrony for well- 
ceveloped BAEPs are compromised. 


In summary, the psychoacoustic and electrophys- 
islegie data strongly suggest a peripheral eighth 
nerve site of lesion in these patients. This is in agree- 
ment with the results obtained on two autopsied pa- 
tents. Auditory functions, ie, temporal summation 
anc frequency selectivity, that are believed to be 
preconditioned on normal spatial summation (nor- 
raa outer hair cell function), are psychoacoustically 
rormail in these patients. Hence, structure and 
fanction of outer hair cells and innervating fibers 
appear to be unaffected, vet derangement at a more 
proximal level (Sp G), can be demonstrated. We be- 
leve that these findings are supportive of an inter- 
sctve relationship between inner and outer hair 

cells. We propose that appropriately chosen Fried- 
reica’s ataxia patients may serve as a clinical model 
fer studying such interaction. 
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LASER VIDIAN NEURECTOMY 


]. DAVIE WILLIAMS, MD 


ANCHORAGE, ALASKA 


Laser vidian neurectomy appears to offer the technical advantages of a lesstraumatic, more precisely controlled method of operating 
in an anatomical area which creates, by its location, technical cifficulties ir accessibility. Results indicate that postoperative patient com- 
fort is greater, affording the opportunity to perform surgery on an outpatient: bazis. Results of laser vidian neurectomy are no different than 


those using conventional techniques. 


Vidian neurectomy as a surgical treatment for the 
management of idiopathic vasomotor rhinitis 
(VMR) has become well established. But operative 
refinements continue to emerge because of diffi- 
culties in dissection of the pterygomaxillary space. 
Golding- Wood s! surgical technique has not proven 
as efficacious in the hands of other operators and 
alternative approaches have been successfully 
utilized.?? The most significant advance, howeve:, 
has been offered by Nomura’ whose "transantral 
subperiosteal" dissection into the sphenopalatire 
fossa has moved the majority of the surgical dissee- 
tion out of the pterygomaxillary space, away from 
fat, vessels, and nerves. 


The operative performance of a vidian neurec- 
tomy is difficult because transsection of the vidian 
nerve with electrocautery must provide fine caliber 
suction-cautery to the vidian canal. The carbon di- 
oxide laser as designed by Sharplan (Comment), 
provides an admirable solution to this situation. Not 
only is fine control of the laser beam possible due to 
the twin helium-neon aiming lights, but also the 
laser beam can be defocused while the aimirg 
beams remain in focus, providing a coagulaticn 
mode essential to vaporizing the contents of the vi- 
dian canal with good hemostasis. 


OPERATIVE TECHNIQUE 


Under general anesthesia, the patient is posi- 
tioned supine with a Richards headrest with tke 
lateral-canthal tragis axis perpendicular to the 
table. The area of the incision is blocked with 2 cc 
lidocaine 1*6 with 1:100,000 epinephrine. A stan- 
dard gingivobuccal incision is made down to tke 
mucoperiosteum which is elevated to the infrao-- 
bital nerve. A McCabe antral retractor is inserted at 
this point. The anterior sinus wall is then removed 
using an 8-W laser power under a 320-mm Zeiss 
operating microscope objective. This empirically 
provides a "cutting-coagulating" laser beam ap- 
proximately 1'4 mm in width and allows removal of 
the anterior sinus wall atraumatically and hemosta- 
ticallv. 


Ápsroximately two square centimeters of the 
postesior sinus wall is then removed, paying par- 
ticuler atcention to the junction of the posterior and 
medial sinus walls. The dissection is carried out 
from interior to superior. The bone in this area of 
the siaus is dense, being composed of thin maxillary 
sinus bone as well as the orbital process of the 
palatine bones. Removal of this bone with the laser, 
however, is quite atraumatic, even when compared 
with :he use of the diamond burr. 


Onee adequate exposure of the medial aspect of 
the p:ervgomaxillary space is obtained, a Montgom- 
ery p®erygomaxillary elevator is used to dissect the 
periosteum off the pterygoid face (pterygoid process 
of the sphenoid bone) (Figure). Dissection must be 
started inferiorly and carried superiorly so that the 
contents of the pterygomaxillary space are elevated 
rostrally and laterally away from the sphenopal- 
atine fossa. Once the dissection is complete, the 
surgeon can retract the contents of the pterygomax- 
illary space with a Montgomery elevator against the 
superomedial aspect of the sphenopalatine fossa 
(pterzgoid fossa). The contents of the vidian canal 
emerzing from the pterygoid canal are then clearly 
visuasized. 


Eight watts of laser are then used to vaporize the 
entire contents of the vidian canal until the com- 
plete margins of the sphenopalatine fossa are visual- 
ized. A light antral pack of antibiotic-soaked gauze 
is placed in the sinus. The patient is recovered for 
several hours in an outpatient facilitv and sent 
home. 


OPERATIVE RESULTS 


Tweive cases have been operated using the 
Sharplan carbon dioxide laser. In one case bleeding 
was a complication in the postoperative recovery 
phase. The patient was returned to surgery, the op- 
erative:site reexplored, and a small vessel along the 
margin of the nasoantral window, which had been 
done cenventionally with a chisel and rongeur, was 
cauterized. The dissection of the pterygomaxillary 
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space was reinspected and found to be completely 


dry. 


All 12 patients had less pain, less swelling, and 
generally were more comfortable postoperatively 
when compared to 26 conventionally operated vi- 
dian neurectomy patients in whom chisels, ron- 
geurs, and diamond drills were used, as well as elec- 
trocautery of the vidian nerve. 


There was no significant difference in side ef- 
fects. Dryness of the eye lasted three to four weeks 
in one patient. The transient numbness of the in- 
fraorbital and descending palatine nerves appears 
to be less in the laser vidian neurectomies than in 
conventionally operated cases, but this observation 
has not been quantified. The excellent reflex detur- 
gescence of the unoperated side continues to be the 
rule.? In one case the patient did not get a good 
reflex on the unoperated side and a subsequent vi- 
dian neurectomy was done; a satisfactory result was 
not obtained. It is felt that this patient probably 
had alternative anatomic pathways to the nose. 


COMMENT 


Several companies in America, namely Coherent 
and Cavitron, in the mid-1960s and early 1970s, de- 
veloped a carbon dioxide laser system designed pri- 
marily for use by gynecologists and laryngologists; 
the use and limitation of those procedures has been 
well documented by multiple papers by Strong in 
Boston.? The difficulty in adapting this design of 
laser for a laser vidian neurectomy (as well as laser 
tonsillectomy) is that the original decision to build 
the laser tube and suspend it on the microscope 
above the patient proved cumbersome and led to 
many technical difficulties. The latter have been 
overcome, in a large part, by the construction of a 
console with a laser above it and a system of ar- 
ticulated mirrors with an approximately 210-cm 


arm through which the carbon dioxide laser beam is 
brought from the machine to the patient. This has 
allowed increased flexibility in not only the hand- 
held piece which is used for laser tonsillectomies but 
also in adaptation of the laser to microscopic use. 


The major advantage of the Sharplan type design 
with an articulated arm bringing the laser beam to 
the microscope and/or to the patient is that the 
K128 coupling arm can be used in the Zeiss operat- 
ing microscope system which provides a lateral tilt; 
ie, the scope can not only be removed in an XY plane 
but also in a Z axis. This allows the necessary angle 
to approach the pterygomaxillary space in a pos- 
teromedial direction rather than being forced in a 
fixed straight anteroposterior axis plane which is 
characteristic of the Cavitron and Coherent sys- 
tems. 


In the use of all carbon dioxide laser systems, it is 
important to have adequate aiming lights since the 
CO, beam is invisible. Likewise, precautions must 
be taken to protect the patient's corneas as well as 
those of the operating personnel. It is important to 
remember that laser energy behaves as light waves 
with the angle of incidence equal to the angle of re- 
flection: flat steel objects reflect a beam that will 
burn holes through tissues unintentionally. While 
this does not present a problem in regard to the 
present technique of laser vidian neurectomy, we 
have found that in oropharyngeal and laryngeal 
cases, all tissues which may be subjected to the 
possibility of reflected laser beams should be pro- 
tected with moistened gauze or neurosurgical cot- 
tonoid patties. It should also be noted that all laser 
machines come with a pulse as well as a continuous 
mode, and it is strongly recommended that the be- 
ginning surgeon, in addition to taking a course in 
use of the laser machine, also work in the pulse mo- 
dality only as this will control his precision to a 
greater degree. The depth of anv laser cut is a pro- 
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duct of the pulse duration multipled by the power 
setting; in this manner, the pulse mode would 
guard against any untoward penetrating cuts. This 
is very important to remember in the posterior wall 
of the sinus as one does not want to inadvertently 


cue int» the internal maxillary artery prior to re- 
mcviag the posterior sinus wall. As one gains tech- 
nical versatility with the laser machine, the contin- 


paver can be used more safely. 
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A unique case of a cystic thymopharyngeal duct with coexistent thymus and parathyroid glands is presented as a rare form of cervical 
thymus. The embryology of normal cervical descent of the thymus is reviewed. Special attention is given to the pathogenesis of a wide 
variety of cervical thymic tissue which may be encountered. A unifying scheme and nosology are proposed for deciphering the various 


reported tvpes of sol id and cystic cervical thymic abnormalities. 


INTRODUCTION 


More than 70 cases of both solid and cystic cer- 
vical thymus have been reported in the English lit- 
erature, some with coexistent parathyroid tissue.’ 


Yet rarely is cervical thymus a symptomatic cause of 


lateral neck mass. A spectrum of abnormalities of 
the thymus is attributed to the embryonic cervical 
descent of the thymic primordium. The abnormal- 
ities may present as a solid mass or as cystic changes 
5 the associated RE derived from pharvn- 


We present a unique case of a lateral neck mass 
composed of a cystic thymopharyngeal duct (probe 
patent to the phary nx) in association with an undes- 
cended solid thymus-parathyroid complex. Aside 
from its medical importance as a possible sole 
source of functioning thymic and/or parathyroid 
tissue, this entitv has special surgical implications as 
a duct communicating with the pharynx. 


CASE REPORT 


In June 1981, a 4-vear-old boy without previous history of neck 
mass, skin dimple, or fistula was noted to have a firm right lateral 
neck mass associated with a one-day fever of 39°C and bilateral 
posterior cervical adenopathy (Fig 1). The patient was treated 
with dicloxacillin, 250 mg gid for ten days; after treatment the 
mass was more firm, but still persisted. The patient was subse- 
quently referred to The University of Michigan Medical Center. 
Initial examination showed the mass to be erythematous, firm 
and tender. Overlying skin remained intact. The remainder of the 
physical examination was normal. Laboratory workup included 
norma! chest roentgenogram, tuberculosis skin test, and thyroid 
function studies. The patient continued to take the prescribed an- 
tibiotics and was scheduled for surgical exploration with the ten- 
tative clinical diagnosis of branchial cleft cyst. 


Surgical exploration revealed a firm mass 2.5x2.0x1.0 cm just 
deep to the platysma muscle at the level of the thyroid cartilage. 
The mass which was adherent to surrounding soft tissue structures 
approximated the right lobe of the thyroid. There was no attach- 
ment to the carotid artery, jugular vein, vagus, or hypoglossal 
nerve. From the posterior surface of the mass, a duct 5 mm in 
diameter extended directly through the thyrohyoid membrane 
just superior to the thy roid cartilage. The duct was opened and 
found to be filled with clear mucus. A probe was passed through 
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the duct and into the right pyriform sinus. The duct was ligated at 
the level of the thvrohyoid membrane. The patient tolerated the 
procedure well, without postoperative complications or recur- 
rence of the neck mass to date. 


The histomorphology of the mass revealed a persistent thvmo- 
pharyngeal duct cyst with a cervical thymus-parathyroid complex 
(Fig 2). Specifically the histomorphology demonstrated a large 
central cystic duct with radial longitudinallv-oriented papillary 
infoldings of the wall. The lining was respiratory epithelium 
which was hyperplastic with focal squamous metaplasia. Im- 
mediately surrounding the cystic duct was a vascular connective 
tissue in which was embedded normal thymus with small trapped 
individual thvroid follicles. In some sections the thymus and duct 
were in close proximity to atrophic thyroid tissue (Fig 3). 

Extensions of the main cystic duct were found in adjacent con- 
nective tissue away from the main mass. Multiple tissue sections 
revealed that the ducts approximated solid lobules of adjacent 
normal thymus. There was no cystic change of Hassall's cor- 
puscles of the thymus. In addition, the normal parathyroid gland 
was present w ithin the capsule of the thymus and adjacent to the 
normal thyroid gland (Fig 2). 


DISCUSSION 


The human primordial thymus develops as ven- 
tral outgrowths of the bilateral third pharyngeal 
pouches around the sixth week of development (Fig 
4). From the dorsal wings of these pouches the 
paired inferior parathyroids (parathyroid III) de- 
velop in association with the thymic primordium 
which elongates in a caudal and medial direction, 
maintaining a connection to the pharynx by hollow 
tubular epithelium (thymopharyngeal duct). Never 
does the endoderm-derived pouch communicate 
with the ectodermal branchial cleft (cervical sinus). 
This thinned upper part of the thymus has also been 
called the thymic cord of Hammar. Gilmour? main- 
tains that the thymic cord either breaks and rapidly 
disappears, so that the thymus and parathvroid are 
separated, or that it transforms into thymic tissue so 
that the two glands remain connected. During the 
seventh week of development the epithelial connec- 
tion with the pharynx is severed, the lumina are 
obliterated by epithelial proliferation, and the 
glands increase in bulk. By the eighth week, caudal 
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Fig 1. Four-year-old boy with right neck mass. 


tips of bilateral thymus derived from the third pha- 
ryngeal pouch (thy mus III) contact in the midl.ne 
below the already descended thvroid gland. join the 
parietal pericardium, and begin their descent under 
the sternum to the superior mediastinum. The para- 
thyroid III, which had been encased in the caudal 
tip of the thymus III, separates to remain in the 
connective tissue of the adjacent thyroid gland at 
the inferior thyroid pole. The superficially fused 
bilobed thymus gland takes on a lobular pattern at 
the third month as the thymic epithelium becomes 
surrounded by mesenchyme and accumulated lym- 
phocytes. 


Persistent rudiments of the epithelial ducts 
(canals of Kursteiner) have been described by Gil- 
mour? as “vesicular, canalicular, and gland-like 
structures derived from the parathyroid, thymus, or 
thymic cord.” These rudiments may give rise to cys- 
tic structures. Within the mature thymus thymo- 
pharyngeal-derived epithelium persists as the branch- 
ing canalicular structures of the septae that are seen 
in cross section within the lobules as Hassall’s cor- 
puscles.? As noted by Shier,’ the lining epithelium 
of the patent tubules ranges from flat, cuboidal to 
ciliated, tall columnar cells simulating respiratory 
epithelium. 


The fourth pharyngeal pouch which gives rise to 
the paired superior parathyroids (parathyroid IV) 
may also give rise to a small amount of thymic tissue 
(thymus IV) which is thought to become incorpor- 
ated into the main thymic gland, or incorporate in- 
to the thyroid gland. Occasionally it remains asscci- 
ated with parathyroid gland IV, which explains the 
not uncommon finding of thymic tissue at parathy- 
roid exploration.*® 


Masses derived from the third pharyngeal pouch 
(pouch III) are usually adherent to the carotid 
sheath and pass downward lateral to the thyroid 
capsule and along the anterior border of the sterno- 





Fig =. A) Thymopharyngeal duct (arrow) with associated 
ir mation, fibrosis and atrophic thyroid gland (x70). 
Pa Tiymus-parathyroid complex (TP) and adjacent thy- 
reic gland near cystic thymopharyngeal duct (arrow) 


(x507. 


cleidarmastoid (SCM) to the manubrium. Unlike a 
branchial cleft tract which would pass from the 
paa-vr geal tonsillar fossa between the internal and 
exte-rz] carotids, a tract from the third pharyngeal 
poucb would pass from the pyriform sinus through 
the th-rohyoid membrane, between the common 
carcti- artery and vagus, posterior and inferior to 
the zl -5sopharyngeal nerve, then downward lateral 
tc tL eh yroid. On the other hand, a fourth pharyn- 
geal pcuch tract would extend from the apex of the 
p»rifcmm sinus, inferiorly to the superior laryngeal 
nerve. externally to the recurrent laryngeal nerve, 
and pess inferiorly along the trachea to eventually 
swir g crward between the arch of the aorta or the 
subclavian artery. 


Sine- the majority of the thymus gland is derived 
from tae third pharyngeal pouch, much of the cer- 
vica. ‘avmic tissue, especially with tissue cords ex- 
tencir z to the pharynx or mediastinum, is related to 
thymu III. However, discrete nodules of cervical 
thyric tissue may be accessory lobules of either thy- 
mus IE or IV. In some instances, classification as 
thymu_ [V can be determined by anatomic localiza- 
tion a: the posterior aspect of the thyroid capsule or 
by ros tion and association with the superior para- 
thyroie IV.‘ It is possible, however, that the para- 
thyroic tissue associated with many discrete nodules 
of bot. thymus III and IV may be accessory in na- 
ture. 
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Fig 3. Cystic thvmopharyngeal duct and associated in- 
flammatory cells within dense fibrous connective tissue 
and atrophic thyroid gland (x175). 


The pathogenesis of solid cervical thymic tissue 
can be divided into three major mechanisms: 1) fail- 
ure of the unilateral gland to descend; 2) sequestra- 
tion of accessory cervical foci of thymic tissue along 
the normal cervical descent pathway; and 3) failure 
of rostral fragments to involute or continue to des- 
cend after mediastinal descent of the majority of the 
gland.' Over the vears there has been controversy 
regarding the etiology of cyst formation in cervical 
thymic abnormalities. Speer,’ while considering 
cyst formation within mediastinal thymic tissue, 
postulated many etiologies. These included embry- 
onal epithelial remnants, degenerating Hassall's 
corpuscles, infectious and inflammatory products, 
and neoplastic, hyperplastic, and involutional 
changes of the epithelial, lymphoid, or connective 
tissue and vascular elements of the thymus. Two 
dominant hypotheses seem to have emerged. One 
relates the pathogenesis of cystic cervical thymus to 
acquired progressive cystic degeneration (of un- 
known etiology) in Hassall's corpuscles and the epi- 
thelial reticulum of the thymus.*'? A second body 
of opinion favors cystic change in persistent unin- 
corporated remnants of the thymopharyngeal duct.''? 
The latter hypothesis remains the most popular and 
is most consistent with the developmental anatomy 
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Fig 4. Section of cervical region of 6-week-old human em- 
bryo (left half, ventral view) estre yee’ ca- 
vity, pharyngeal arches, and pouches with organ deriva- 
tives. 


of the thymus. In fact this endoderm-derived epi- 
thelium, as shown by Shier,* continues as the cyto- 
skeleton of the thymus, seen in the mature gland as 
Hassall's corpuscles. Thus it seems that cystic degen- 
eration of vestigial extraglandular or normally oc- 
curring intraglandular tubular duct epithelium can 
account for the thymic cysts, whether or not the tis- 
sue is confined to the neck and/or mediastinum. 
Since all thymic epithelium is derived from the thy- 
mopharyngeal ducts, the distinction between the 
two proposed mechanisms of cyst formation is 
academic. Further, should cervical epithelial rem- 
nants give rise to a cystic mass without evidence of 
associated thymic or parathy roid tissue, it would be 
difficult to diagnose anything other than a con- 
genital branchial cleft cyst. However, Mikal" at- 
tempted to classify thymopharyngeal duct-derived 
cervical thymic cysts as true thymic cysts; he classi- 
fied branchial cysts with associated thymic tissue as 
false thymic cysts. 


A wide variety of cervical thymic lesions may be 
encountered. Some relate anatomically to classifica- 
tions of Ellis® and Maisel'* of types of cervical 
thymus found in fetuses and young infants (Fig 5). 
Though many reported lesions have been solid cords 
of thymic tissue, the clinical presentation of many 
cases of cervical thymic tissue has been as cysts.'® 
Some previous reports of cervical thymic cysts men- 
tion solid tissue cords unassociated with cyst forma- 
tion attached to the pharyngeal wall, the thyrohy- 
oid membrane, or extending to the mediastinum. '*'* 
In contrast to sequestered solid or cystic cervical 
thymic tissue is the rare cystic thymopharyngeal 
duct persisting the length of the neck and extending 
to the mediastinal thymus.'? Other cervical thymic 
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Fig 5. Incidence of fetal cervical thymus variants in des- 
cending order of occurrence. Variants are classified as uni- 
lateral/bilateral cervical prolongations of thymus which 
fall short, reach level of, or extend superior to thyroid 
gland. Discrete thymic nodules coexist with any of the 
variants or occur alone. Cervical thymus is not represented 
in the middle of bottom row. (From Ellis® and Maisel et 
al'*) 


lesions include a cervical thymic cord which re- 
mains in continuity with the mediastinal thymus as 
well as solid thymus at the thoracic inlet." 


The case presented illustrates one of the earliest 
types of developmental arrest of thymic descent ac- 
counting for a cystic neck mass. Since it is a cystic 
duct associated with solid thymus extending through 
the thyrohyoid membrane to the pyriform sinus. it 
is best termed a thymopharyngeal duct cyst. In ad- 
dition to the rarity of a third or fourth pharyngeal 
pouch cyst,?°?! a thymopharyngeal duct cyst is 
unique because direct communication with the 
pharynx may be demonstrated on barium swallow, 
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Fic 6. Anterior view of neck demonstrating seven basic 
forms o cervical thymus. 1 - Accessory cervical thymus; 2 - 
Cervical thymic cyst; 3 - Undescended cervical thymus; 4 - 
Persistent thymopharyngeal duct; 5 - Persistent thymic cord; 
6 - Cervical extension of mediastinal thymus; and 7 - 
Ectopic thymus. 


x--av examination or by a water-soluble dye in- 
jeeted into the cystic mass preoperatively. The op- 
p rtunity to trace the duct back to the pharynx is 
h-Ip*ul in determining the embrvologic origin from 
either pouches III or IV and may help to assess the 
extent of the lesion and the planned surgical repair. 


We propose a unifving scheme and nosology for 
deciphering the various reported types of solid and 
c.sti» cervical thymic abnormalities of normal em- 
brvologic migration. 


The cervical thymic lesions include the following 
catezories distinguished bv anatomic location and 
tbe nature of the thymic gland tissue (Fig 6). 


Accessory Cervical Thymus. Solid cervical thy- 
mic tissue is sequestered from the main gland, along 
tbe normal descent path, with or without parathy- 
reid. Previous terms include aberrant, ectopic, 
umdescended, persistent, or accessory thymus. 


Cervical Thymic Cyst. Sequestered cystic cer- 
vica. thymus is found along a normal path of des- 
cent. with or without parathyroid glands. It is a 
cxstic version of accessory cervical thymus and may 
have a fibrous band or a solid thymic cord connec- 
ton to the pharynx or mediastinum. 


Uadescended Cervical Thymus. This occurs 
when a solid lobe of thymus fails to descend entire- 
l+. with or without a parathyroid complex. It dif- 
fers from accessory cervical thymus in that only half 
af the normally bilobed thymus is present in the 
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mediastinum. Conceivably it may also become 
cystic. 


Persistent Thymopharyngeal Duct Cyst. This is 
the same as undescended cervical thymus: however, 
the thymic duct is cystic. The thymus is solid, with 
or without parathyroid complex, and probably rep- 
resents undescended thymus (see case report). 2 
variant would be the cervical cystic duct leading to 
the mediastinal thymus.’ 


Persistent Thymic Cord. This is the cervical pro- 
longation of a solid thymic cord which is con -inuous 
with the mediastinal thymus. The cystic variant 
may overlap with the histologic and clini-al ap- 
pearance of the cervical thymic cyst if a true con- 
nection to mediastinal thymus cannot be docu- 
mented. 


Cervical Extension of Mediastinal Thymus. This 
appears as low midline solid thymus at the toracic 
inlet due to incomplete mediastinal descent. It may 
transiently present with increased intratioracic 
pressure.’* 


Ect topic Thymus. This is the rare, solid thymic 
tissue in abnormal locations, eg. in the pkarvnx, 
trachea, or base of skull.'522 Ectopic cervical 
thymic cy st has not been reported. 


The clinical presentation of solid cervical thvmic 
tissue as a neck mass during the first decade of life 
seems to be associated with the fact that though the 
thymus is at its greatest relative size at b rth, it 
reaches its greatest absolute size by puberty. 
Reviews of cervical thvmic tissue presentirg as a 
clinical neck mass have shown a predilection for left 
more than right side occurrence and that males 
were affected more than females." However. in 
studies of fetuses and infants, discrete nodules of 
cervical thymic tissue (III, IV) and cervical pro- 
longation of mediastinal thymus III were fcund to 
be common on both sides of the neck and in both 
sexes. Parathyroid tissue was often associzted or 
fused with thymic tissue. Investigators have found 


that cervical thymic tissue is so common in infants 
that it can be regarded as normal.*'* Only occa- 
sionallv does cervical thvmic tissue enlarge. due to 
degeneration and hemorrhage Or become cvstic to 
present as a lateral neck mass. When it does, how- 
ever, the mass may drain externally or (rarely) 
cause tracheal compression symptoms.” 


Because of the important immunologic function 
of the thymus, it has been suggested that a cervical 
thymic mass in a child not be excised unless other 
functioning thymic tissue is present.?* Since there 
are no radioactive markers for thvmic tissue, x-ray 
films or tomograms in young children may reveal 
the presence of a mediastinal andi or cervical thymic 
shadow. There are reports of thymoma arising in 
solid cervical thymic tissue.” 


e 


CE Bema” in an ll. -vear- old dul it 
total removal of solid cervical thymic tissue has 
been suggested. However, there have been no re- 
ports of thymoma or malignant transformation in 
cystic cervical thymic tissue to date. Malignancy in 
ectopic thymic tissue has been reported."* In one 
case, clinical manifestations of myasthenia gravis 
have been attributed to a cervical low-midline be- 
nign thymoma.” 


SUMMARY 


The various types of cervical thymus may present 
as a neck mass, usually laterally, from the angle of 
the mandible to the manubrium. Since it is rare to 
diagnose the entity preoperatively, the differential 
diagnosis includes the more common branchial cleft 
cyst, thvroglossal duct cyst, cystic hygroma, cystic 
dermoid, and lesions of the saliv ary gland, thy roid, 
parathy roid, and cervical lymph nodes. Because 
cervical thymic tissue in various forms has been re- 
ported so frequently, we feel the entity should be 
considered in the clinical differential diagnosis of 
lateral neck mass, especially in the younger age 
group. 
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The NINCDS invested a total of $8.07 million in National Research *ervice Awards (NRSA) in fiscal vear 1982, according to data 
recently compiled bv the Institute. Of this sum, $3.79 million supportez 2:9 individual postdoctoral fellowships; $4.31 million was 
designated for 288 trainees within 68 institutional training grants. The Inststute aiso provided funds for 74 Research Career Development 
Awards (RCDAs), at $2.8 million. Teacher-Investigator Development Awards TIDAs) in fiscal year 1982 supported another 106 in- 
dividuals at a cost of $4.47 million. 
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periences for small groups of predoctoral and postdoctoral trainees. 


Research Career Development Awards are designed for scientists with zpparent research potential who are still in the formative stages 
of their careers. The RCDA provides a means by which these investigators zair acditional experience in scientific environments conducive 
to the full development of research skills. 


Teacher-Investigator Development Awards aim to recruit and prepars future teacher-investigators for careers in research and teach- 
ing in the neurological and communicative clinical disciplines. provide sv opert ior individuals with potential for research careers in an 
academic environment. and bridge the gap between the initial period of ~estdectoral study and a secure academic appointment. 
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NEW NINCDS FACT BOC& AVAILABLE 


The NINCDS Fact Book: July 1982. a summary of the Institute's prog-anes, personnel, and budget. is now available through the Of- 
fice of Scientific and Health Reports. The 16-page publication, which mckides information as recent as January 1983, outlines the 
Institute's organizational structure and lists department heads and kev contacts ir. «ach program area. It also provides names and addresses 
of each of the Institute's advisorv groups. Budget data include breakdowns »f SIMCDS research expenditures by disorder category as well 
as a budget historv of the Institute and a look at the NINCDS budget as part of the NIH. 


Single copies of the book can be obtained from the Office of Scien: tic axd Health Reports, NINCDS. Bldg 31, Rm 8A08, 9000 
Rockville Pike. Bethesda, MD 20205. 

* This information is prepared monthly by the Office of Scientific and Health Regor®, National Institute of Neurological and Communicative Disorders 
and Stroke, National Institutes of Health. Building 31. Room A806, Bethesda MID 330265; e801; 496-5924. 
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PRIMARY SQUAMOUS CELL CARCINOMA 
OF THE MIDDLE EAR INVADING THE COCHLEA 


A HISTOPATHOLOGICAL CASE REPORT 
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This report describes the histopathological changes in the temporal bone of a 71-year-old man who died of meningitis and epidural ab- 
scess complicated by primary squamous cell carcinoma of the middle ear. The present case is unusual and differs somewhat from pre- 
viously reported cases of the primary squamous cell carciaoma of the middle ear in three respects: 1) an extensive invasion of the cancer into 
the membranous labyrinth, 2) cholesterol deposits in the cochlear spiral canal, and 3) presence of ossifying labyrinthitis, Among these find- 
ings. extensive involvement of the inner ear by cancer Gestroying the lower part of the otic capsule is particularly unusual. It is assumed 
that squamous cell carcinoma overcame the biological resistance to neoplastic infiltration which probably exists in the otic capsule and the 


membranous labyrinth. 


INTRODUCTION 


There are a few histopathological reports on tem- 
poral bones with primary carcinomas of the middle 
ear.'"* Recently we have had the opportunity to 
study the temporal bone of a patient who died of 
complications from the intracranial invasion of 
squamous cell carcinoma of the middle ear. The 
temporal bone histopathology in this case is worth 
reporting because of an unusual invasion of cancer 
cells into the membranous cochlea. The purpose of 
this paper is to document the histopathclogical 
findings in squamous cell carcinoma of the middle 
ear and to discuss its pathologv in the inner ezr. 


CASE REPORT 


The patient was a 71-vear-old man who was ad- 
mitted to Kikkoman Hospital with complaints of 
left aural discharge, facial nerve paralysis, and diz- 
ziness of several months' duration. Since the age of 
30, acute exacerbations were treated as chronic 
otitis media by an otolaryngologist. On October 7, 
1977, he was referred to the Department of Otolar- 
yngology, National Defense Medical College, with 
the diagnosis of complications from chronie otitis 
media. Otological examination revealed a granulo- 
matous mass filling the depths of the externa! audi- 
tory canal and the entire tympanic cavity. "Within 
the granulomatous tissue, matrices of cholesteato- 
ma were noted. The tympanic membrane could not 
be identified. Examination showed complete paral- 
vsis of the facial nerve. The patient had a profound 
hearing loss on the affected side. Mastoid x-ray 
films demonstrated extensive destruction of the left 


petrous bone. On November 14, 1977, a radical 
mastoidectomy was performed. The middle ear 
cavity was almost entirely replaced by tumorous tis- 
sue and matrices of cholesteatoma. There was a 
large bony defect in the tegmen of the tympanic 
cavity where dura was exposed. As much of the 
pathological tissue as possible was removed. Histo- 
pathological examination revealed well-differ- 
entiated squamous cell carcinoma accompanied by 
cholesteatoma. The patient suffered a progressive 
downhill course after ear surgery. Clinical signs of 
meningitis were noted on the fifth postoperative 
day. Approximately 1 month later, the patient died 
of meningitis and an epidural abscess. Because of 
his critícal condition no antitumorous therapy such 
as irradiation and/or systemic chemotherapy was 
administered. An autopsy was performed three 
hours after death. At autopsv, an extensive invasion 
of the tumor was noted from the middle ear to the 
middle and posterior cranial fossae. Meningeal in- 
filtration by the tumor cells was also noted, espe- 
cially over the cerebellum. The brain was markedly 
edematous and softened. No distant metastases 
were found. The left temporal bone was removed 
four hours postmortem for histopathological study. 
The bone was fixed in 10% formalin and processed 
bv the conventional celloidin method. The bone 
was cut horizontally at a 20-4 thickness and every 
tenth section was stained with hematoxylin and 
eosin and examined bv light microscopy. 


Histopathology of the Temporal Bone. Extensive 
neoplastic involvement of the petrous portion of the 
temporal bone was found. The internal auditory 
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Fig 1. Tumor tissue (SC) mainly in scala tympani (ST) of ba:al turn. It extends into scala media (SM) and to 
scala vestibuli (SV) bv destroving basilar membrane and Reis:aers membrane. Arrow indicates invasion route 
from middle ear to membranous cochlea. M - Modiolus: O - Ot capsule: SL - Spiral ligament. (x60) 


canal, including both the seventh and eighth 
nerves, was infiltrated bv cancer cells. Most fibers 
in both nerves were atrophic. A few Scarpa's gang- 
lion cells were identified. The postoperative cavity 
of the tympanum, antrum, and mastoid was filled 
with clusters of neoplastic cells, necrotic material, 
and inflammatory tissue. The matrices of cholestea- 
toma could not be found. All the bones composing 
the middle ear cavity were more or less eroded bv 
the cancer. The horizontal portion of the fallopian 
canal had no bony wall. The facial nerve was partly 
replaced bv malignant tumor cells. The number of 
the facial nerve fibers was markedly reduced in this 
region. The tumor invasion in the facial nerve was 
less severe in the peripheral part of the nerve. The 
tympanic membrane, malleus, and incus were zb- 
sent, either because of the previous ear operation or 
as a result of destruction by the tumor. The stapes 
and most of the vestibule could not be identified be- 
cause they were not included in the series of stained 
sections. There were clusters of tumor celis in the 
tympanic orifice of the eustachian tube, almost oc- 
cluding its lumen. The wall of the external auditory 
canal was partly destroved by the tumor. Varving 
degrees of erosion of the bony labyrinth were ob- 
served. Squamous cell carcinoma invaded the mem- 
branous cochlea, especially in the basal turn 
through the inferior part of the bony cochlea. The 
whole cochlear spiral canal of the basal turn was oc- 
cupied by neoplastic, fibrous and osseous tissues, 
the latter of which was the result of labvrinthitis. 


Twrroreus tissue was noted mainly in the scala tym- 
pani of the basal turn. It extended to the scala 
meda and to the scala vestibuli by destroying the 
basikar membrane and Reissner's membrane (Fig 1). 
The interscalar septae were normal. New bone for- 
nation was noted in scala vestibuli adjacent to the 
interscalar septum of the basal turn. Reissner’s 
membrane could not be identified. In both perilym- 
p^atic and endolymphatic spaces, the tumor cells 
had characteristic features of squamous cell carci- 
noma and they showed varying degrees of differen- 
tiation. Most of them were relatively well differen- 
tiated. Extensive keratinization was found on the 
surface of the tumor-cell lining (Fig 2). Some ma- 
licnant cells were seen floating with inflammatory 
c4ls in the spaces of the cochlear spiral canal. Most 
ot the cells composing the organ of Corti of the 
basal turn were missing because of the extensive 
destruction of the membranous labvrinth by the 
neoplastic growth and the secondary labyrinthitis. 
Taestria vascularis was replaced by the tumor cells. 
I^ the modiolus, most of the nerve fibers were 
atrophied and the majority of spiral ganglion cells 
were missing (Fig 3). A considerable degree of 
ossification was noted in the modiolus, especially in 
toe »erineural and perivascular spaces. The struc- 
tures of the membranous labyrinth of the middle 
amd apical turns were deformed by the inflamma- 
ton. seme evidence of acute inflammation was 
found. The lymphatic spaces contained a con- 
siderable amount of acidophilic fluid. Areas of 
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hemorrhage were noted in the spiral canal of the 
apical turn. In the vicinity of old hemorrhages, 
cholesterol clefts accompanied by foam cells, 
hemosiderin pigment cells, and some inflammatory 
cells were visible (Fig 4). No neoplastic cells were 
found in the spiral canal of the middle and apical 
turns of the cochlea. The petrous apex was normal 
and contained bone marrow. The carotid artery 
was normal. 


DISCUSSION 


The present case is uncommon and differs some- 
what from previously reported cases of primary 
squamous cell carcinoma of the middle ear ia three 
respects: 1) an extensive invasion of the cancer into 
the membranous labyrinth; 2) cholesterol ceposits 
in the cochlear spiral canal; and 3) presence of ossi- 
fying labyrinthitis. 


Fig 3. Rosenthal's canal (RC) showing 
few spiral ganglion cells. NB - New bone. 
(x150) 





Fig 2. Extensive keratinization (K) 
on surface of tumor cells (SC). 
(x150) 


There are several histopathological studies of 
squamous cell carcinoma of the middle ear.'-* How- 
ever, in only a few cases was there extension into the 
inner ear. Rosenwasser's case! is the only one which 
showed an invasion of primary squamous cell car- 
cinoma of the middle ear into the membranous 
cochlea by direct destruction of the otic capsule. 
Schuknecht? described a case of primary squamous 
cell carcinoma of the middle ear invading Rosen- 
thal’s canal, the modiolus, the scala tympani, and 
the scala vestibuli. However, the route of invasion 
was not mentioned. 


Although metastatic lesions usually resemble pri- 
mary tumors in histological appearance, they are 
often less well differentiated. Accordingly, the be- 
havior of a metastatic tumor might differ from that 
of a primary one. It is well known that metastases 
occur more rapidly or easily with sarcomas than 
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Fig 4. Cholesterol clefts (CC) in acidophilic fluids in lymplat& = aces of upper turns. M - Modiolus. (x60) 


carcinomas. On the other hand, several histopatho- 
logical studies of the temporal bone indicated that 
sarcomas show much more extensive inner ear inva- 
sion than carcinomas, even in cases of metastatic 
tumors." Primary sarcoma of the middle ear usual- 
ly does not invade directly into the inner ear 5y 
destroying the bony labyrinth. After filling the 
epitympanum, it extends first into the interral 
auditory canal through the genu along the fac.al 
nerve, then invades retrogradely the basal turn of 
the cochlea and the vestibule through the cribri- 
form areas of the fundus of the internal auditcry 
canal. El-Gathamy et al’ described a case in which 
a rhabdomyosarcoma originating from the anterior 
part of the middle ear extended to the attic. then in- 
to the internal auditory canal. From the internal 
auditory canal, sarcoma cells invaded retrogradely 
into the basal turn of the cochlea and the utricu.ar 
portion of the vestibule. Primary osteogenic sar- 
coma of the middle ear reported by NaufaF showed 
almost the same behavior as the rhabdomyosar- 
coma described above. Thus, invasion through the 
internal auditory canal is the most common route 
for inner ear involvement with either primary or 
metastatic tumors of the temporal bone. 


In the cochlea, most of these malignancies reveal 
tumor cell infiltration from the internal auditory 
canal to Rosenthal’s canal or as far as the proximal 
half of the osseous spiral lamina. Hoshimo et al’ 
reported a case with inner ear involvement with a 
papillary adenocarcinoma metastatic from the 
lung. Tumor cells infiltrated into the modiolus 


alonz %e cochlear nerve fibers. They were also seen 
in Rosexthal’s canal along its entire length except 
for th= most apical region. Distal to Rosenthal's 
canal, umor cells extended into the osseous spiral 
lanine up to the habenula perforata in the hook 
pertioz, lower basal turn and anterior half of the 
upper basal turn. It is well known that among car- 
cinoms, adenocarcinoma has a tendency to extend 
farther peripherally along the nerve fibers. Meller’ 
suggesed that some biological resistance may exist 
at the «sseous spiral lamina, the cribriform areas of 
the furdus of the internal auditory canal, and the 
genictkate ganglion, because in most cases, the in- 
vasien »f the tumor cells ends at the aforementioned 
sites. The tendency of the tumor to invade the inner 
ezr by his route usually depends on the duration of 
the amical course and nature of the tumor. 


Dér --t invasion by destruction of the otic capsule 
is amomer route whereby the inner ear can be in- 
volvec by a malignancy in the middle ear. Adams et 
al? resorted that, although the otic capsule of six 
patierts with secondary malignancies of the tem- 
pore! -one was invaded by tumor, in no case did it 
e=teac through the endosteal laver. This is a charac- 
teris ic finding in malignancies of the temporal 
bene. 3ehuknecht et al® stressed that the otic cap- 
sale ard the membranous labyrinth are quite resis- 
tent te neoplasm. In the present case, however, the 
cance- destroyed the lower part of the otic capsule 
aad icvaded the inner ear. Evidently the tumor 
cells cx ercame the biological resistance to neoplastic 
infiltr=tion which probably exists in the otic capsule 
aad m »mbranous labyrinth. 
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Malignant tumors of the temporal bone some- 
times induce cochlear and vestibular dysfunctions 
and facial nerve paralysis.?:*'''? In the present case, 
audiograms showed a profound hearing loss in the 
affected ear. The hearing loss was the result of 1) 
destruction of cochlear nerve fibers, 2) compression 
of the fibers in the internal auditory canal, 3) 
destruction of the membranous labyrinth, or 4) sec- 
ondary labyrinthitis. Left facial nerve paralvsis was 
one of the chief complaints in the present case. The 
histological sections revealed that the facial nerve 
was destroyed by the neoplasm, especially in the in- 
ternal auditory canal and tympanic portion, 


Cholesterol formation was found in the acido- 
philic fluids of the apical spiral canal of the cochlea. 
Cholesterol crystals were observed frequently in the 
vicinity of the hemorrhages and may have been 
formed from serum cholesterol that leaked out from 
blood vessels. The hemorrhages i in the membranous 
labyrinth probably occur in the congested soft tis- 
sues as a result of secondary inflammatory response. 
Friedmann* observed cholesterol crystals in the 
scala tympani and the scala vestibuli in a case of 
metastatic bronchial carcinoma invading the tem- 
poral bone. 


Squamous cell carcinoma and cholesteatoma co- 
existed in the middle ear of the present case. Several 
other investigators have reported similar findings.* '? 
It is possible that chronic otitis media and its com- 
plications such as epidermoid cholesteatoma may be 
predisposing factors of primary squamous cell car- 
cinoma of the middle ear.* Boland and Paterson'* 
found an obvious association of pre-existing infec- 
tions of the middle ear cavity with the subsequent 
development of carcinoma. 


Labyrinthitis usually occurs in the spiral canal of 
the cochlea which has been invaded by a malignan- 


cy, especially by primary middle ear tumor. Sec- 
ondary suppurative labyrinthitis is generally caused 
by chronic otitis media which occurs frequently in 
the middle ears with the malignant tumor. 


Paparella and Sugiura’ divided the pathology of 
suppurative labyrinthitis into three stages: acute, 
fibrous and ossification. Depending upon the site 
and severity of the inflammatory process, these 
stages often overlap one another. In general, how- 
ever, the acute stage precedes the fibrous stage 
which then develops into the ossification stage. 
Pathological changes of the acute stage and fibrous 
stage are often seen concurrently, whereas the fi- 
brous stage and ossification stage are usually pres- 
ent together. The present case showed labyrinthitis 
of both the fibrous and ossification stages. New 
bone formation was also present in the spiral canal 
of the basal turn. New bone is considered to be 
characteristic of the terminal stage of the repair 
process. Druss'* believed the new bone formation to 
be of two types, metaplastic and osteoplastic. Ac- 
cording to his interpretation, the metaplastic tvpe 
of bone originates from the scar or connective tissue 
within the inner ear and the osteoplastic type orig- 
inates from the adjacent bony capsule which is ex- 
posed by virtue of destruction of its endosteal lin- 
ing. The present case was seemingly of metaplastic 
type because the endosteal bone lining the labyrin- 
thine space adjacent to the new bone was intact and 
no continuation of bony tissues was found between 
them. 


Involvement of the membranous cochlea bv pri- 
mary malignancy of the middle ear has rarely been 
reported in the literature. Further histological in- 
vestigations of this kind of lesion will clarify 
whether or not the biological resistance to neo- 
plastic infiltration is present in the otic capsule and 
the membranous labyrinth. 
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SECRETORY IMMUNE RESPONSE IN PATIENTS 
WITH OROPHARYNGEAL CARCINOMA 
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munoglobulin in serum and has a function as a first line of defense agains: the wptake of macromolecules and against infectious agents in 
the intestine, respiratory tract and genitourinary system. However, its rektioaswg to the development and control of neoplasia is not well 
understood despite the fact that the major portion of human malignancies ave cf the epithelial type and located where the secretory im- 
mune system is vigorously functioning. In this study, the amounts of SIg.* ard secretory component (SC) in oral secretions and sera were 
measured in 20 patients with oropharyngeal carcinoma and 22 approprite sontrol subjects in order to elucidate the involvement of the 
secretory immune system as it related to oropharyngeal carcinoma. Caner patients had increased IgA levels in oral secretions (561 + 161 
ng/ml) compared to normal subjects (166+ 18 ug/ml, p« 0.02) and to a» no&es drinker subgroup of controls (2294 8.7 pg/ml, p< 0.05). 
The elevated IgA levels in cancer patients appear to be unrelated to local inflammation or the patient's history of smoking or drinking. 
Density gradient analysis demonstrated that the IgA measured in oral secretions migrates at the 11S position, confirming that it is of the 
secretory type and indicating that the increased levels of IgA in oral secreticns of patients with oropharyngeal carcinoma are not due to 
nonspecific leakage of 7 SIgA from sera. Secretory componen: levels in sez a aiso:zevealed highly significant differences between cancer pa- 
tients (1.65 0.73 ug/ml) and all control subjects (0.85 30.12 pg/ml, p « C 002). The data suggest that the increased SIgA concentration in 
secretions and SC level in sera accompany the existence of oropharyngeal -arcinosna. The biological significance of these findings and their 
possible clinical application are discussed. 


The secretory immune system is important as a 
first line of defense against the penetration of the 
epithelial surface by a variety of pathologic 
organisms and macromolecules. Secretory IgA 
(SIgA) exists in virtually any external secretion on 
mucosal surfaces such as the oropharvnx, nasal 
cavity, intestine and genitourinary tract! and 
possesses specific antiviral and antibacterial func- 
tion. It also appears to have a role in interfering 
with the uptake of macromoleucles which exist in 
food. However the nature of its relationship to var- 
ious forms of neoplasia is not well understood. 


salfills :ts biological action.' Normally there are on- 
a mirimal amounts of SIgA in serum.’ 


Mo:t human malignancies are of epithelial deri- 
¿ation and occur in regions where the secretory im- 
aune system is functioning. In this study, the 
zmeua:s of SIgA and SC in oral secretions and sera 
2s wel as serum IgA and IgG were measured in 
order to elucidate the possible involvement of the 
seczetozv immune system in patients with orophar- 
angea carcinoma. 


METHODS 


Petizat Population. A total of 42 subjects were studied at Duke 
“niversity Medical Center and the Durham VA Medical Center. 
The Table stratifies the patients studied; 20 exhibited oropharyn- 
zeal carcinoma and 22 were control subjects. Sites of orpharyn- 


IgA is a major product of the local secretory im- 
mune system and is present in nearly ali mucosal 
surfaces. Its structure is more complex than the IgA 
of serum. SIgA consists of three immunologically 

P + ^ P" ; : y * 4 z : = E j N DATA te ME ANA T eo PEE 5 . 
distinct components: 1) 10S dimer of IgA, 2) an “aor cf mouth (seven patients), palate (two patients) and hypo- 
ing piece (J-chain), and 3) secretory component charyn: (two patients). The control subjects were subgrouped in- 
(SC). Monomeric 7S IgA, and J-chain are produced 4 three categories: eight healthy volunteers, nine in a smok- 
by the plasma cells located in submucoss and two idzinser subgroup. and five patients with various otolaryngo- 

: | : agieal disorders (chronic sinusitis, allergic rhinosinusitis, chronic 

iolecules ¢ yund with a J-chain to pro- a ; 
molecules of IgA jd bound with a J-c OP zitis media, hemangioma of oropharynx, severe periodontal dis- 
duce 10S dimeric IgA. Secretory component, pro- cse. Biagnosis of oropharyngeal carcinoma was confirmed by 
duced by the epithelial cell, is then attached to the -atholez:cal examination of biopsy materials or surgical spec- 
dimeric IgA by covalent as well as noncovalent 
bonds. Binding of SC appears to protect dimeric 


nens and interpreted as squamous cell carcinoma. Staging was 
ceterm med at the initial clinical examination according to criteria 
. ! i 4 the American Joint Committee for Cancer Staging and the 
IgA from the action of proteolytic enzymes, such as J e 
trypsin, chymotrypsin and pepsin, frequently lo- 
cated in mucous media where this immunoglobulin 


Znd-Result Reporting. Smoker/drinker groups are defined as 
contaicirg those patients with 1) a smoking history of over three 
wears within a ten-year period prior to entry into this study, 
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STRATIFICATION OF PATIENTS STUDIED 


Groups of Patients 


Oropharyngeal carcinoma 62x11 
Stage I 
II 
IH 
IV 
Total 20 
Control subjects 
Normal 
Smoker/drinker 
Other ENT pathology 
Total 22 








No. of Patients 





Vt Ut oo bo 


49 .- 9 
494 19 
42 x 10 
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andor 2) a history of alcohol consumption for which the patient 
was or has been referred to the medical or psychiatric services at 
our institutions during the similar time frame. Other otolarvngo- 
logical disorders were diagnosed by ordinary medical criteria and 
represented cases without prior history of malignant disease. Nor- 
mal volunteers represented individuals without a history cf other 
systemic diseases and were not smokers or drinkers. None of the 
subjects of this study had renal insufficiency or hepatic daraage as 
evidenced by the values of serum electrolytes, BUN, albumin, 
total and direct bilirubin, SGOT and alkaline phosphatase. 


Salivary and Serum Samples. In order to obtain salivary 
samples avoiding the effects of food intake and diurnal change of 
salivary production, two salivary samples were obtained from 
each subject. The first sample, designated as an oral secretion, 
was obtained in midmorning by expectoration for 15 minutes 
after having the subject rinse the oral cavity with sterile saline 
solution. A second sample, designated as an oral washing, was ob- 
tained by having the subject rinse the oropharynx with 15 ml of 
sterile normal saline. A blood sample was obtained at the same 
time by venipuncture, coagulated at room temperature, and the 
serum removed for analvsis. 


Immunological Assays and Sucrose Gradient Ultracentrifuga- 
tion. IgA in oral secretions, oral washings, as well as SC ir serum 
were measured by competition radioimmunoassays (RIA) utiliz- 
ing rabbit antiserum against the a-chain of human serum IgA or 
rabbit antiserum against human SC (Calbiochem-Behring Corp, 
La Jolla, Cal). Iodine 125-radiolabeled human secretor- (11S) 
IgA or SC, which were purified from human colostrum.’ * were 
used as competing antigens. Other proteins abundant in secretion 
(albumin. transferrin, IgG) did not compete in these assays? 
Sucrose density analysis was performed on oral secretions accord- 
ing to standard techniques* in order to separate 7S and 11S IgA 
and to determine the distribution of SC. The positions in the gra- 
dient of the IgA and SC were determined by RIA and compared 
to the migration of a 7S marker (radiolabe led-human IgG. Cap- 
pel Labs, Cochranville, Pa) and an 11S marker (Catalase, Wor 
thington Biochemical Corp. Freehold, NJ}. Serum IgA and IgG 
were measured by using commercially available quantitative ra- 
dioimmunodiffusion (RID) plates (Meloy Labs, Springfield. Va). 
Results of IgA, IgG and SC were expressed as mean +1 standard 
deviation and the nonparametric Mann-Whitney U- Test was used 
for statistical analvses. 


RESULTS 


Oral Secretion. IgA concentration in oral secre- 
tions from patients with oropharyngeal carcinoma 
was 571 169 „g/ml. This was significantly higher 
than that of normal volunteers (166418 pg /ml, 
p< 0.002), or of the smoker/drinker group (229 2 7 
pg/ml, p«0.05), but not statistically significant 
when compared with the other ENT pathology zroup 
(358 + 274 pg/ml, p=0.1). Since the total volume of 
oral secretions had a wide range of variety among 
subjects (1.3 to 25.4 ml/15 min), the IgA value was 
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Fig 1. Fifteen minute-timed total IgA levels in oral secre- 
tions. Values were calculated by multiplying IgA value in 
oral secretion by aye of oral ia add obtained in a 
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standardized by multiplying the level obtained by 
the volume collected in 15 minutes. In Figure l, 
each dot represents an individual determination of 
15 minute-timed IgA in the oral secretion. Values 
obtained in this fashion demonstrated more striking 
statistically significant differences between cancer 
patients and normal volunteers (p«0.03), the 
smoker/drinker group (p«0.002), and the other 
ENT pathology group (p« 0.05). 


Oral Washing. The oral washing sample was ob- 
tained by having the patient rinse the oropharynx 
with 15 ml of normal saline at the completion of 
saliva expectoration. IgA concentration in the oral 
washings showed even more impressive discriminat- 
ing potentials among the groups as demonstrated by 
Figure 2. The values obtained were below 1 pg/ml 
in normal volunteer subjects but above 1 ug/ml in 
all samples obtained from 19 cancer patients, the 
smoker/drinker group, and patients with other oto- 
laryngologic disorders. The IgA level in washing 
samples from patients. with oropharyngeal car- 
cinoma was 22.2+5.7 ygíml and significantly 
higher than that of the normal volunteer group 
(0.05 0.1 &g/ml, p« 0.005), the smoker/drinker 
group (6.72 0.9 ug/ml, p«0.005) and other ENT 
pathology groups (8.843: 3.1 pg/ml, p« 0.005). The 
IgA level in washing samples from the normal vol- 
unteers was lower than that of the smoker/drinker 
group (p«0.01) and the other ENT pathology 
group (p« 0.01). However, there was no significant 
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DRINKER ENT 
DISEASE 
N219 N= 8 N29 N= 5 


22.2157 0.0820.1 6.7109 8.8 + 3.1 


Fig 2. IgA levels in oral washings. Oral washings were ob- 
tained after 15 minutes of saliva expectoration and repre- 


subjects. 


difference between the smoker/drinker group and 
the other ENT pathology group (p> 0.1). 


IgA levels in oral washings showed the hignest 
discrimination among these groups of any measure- 
ment obtained in this study. 


Serum IgA and IgG. Serum IgA, which is vir- 
tually all in 7S monomer form, and serum IgG were 
measured by RID. The cancer-patient group had a 
significantly higher level of serum IgA (3.44 0.2 
mg/ml) compared to the normal volunteers (1.9+ 
0.1 mg/ml), the smoker/drinker group (2.14 0.2 
mg/ml) and the other ENT pathology group (2 0+ 
0.1 mg/ml, p« 0.005, respectively). There was no 
difference of serum IgG level among these groups. 


Secretory Component Level in Serum. The SC 
level in serum was also measured by a specific com- 
petition RIA (Fig 3). Mean SC levels in sera from 
patients with oropharyngeal carcinoma were 1.653 
0.73 pg/ml and this was significantly higher than 
that of the normal volunteers (p« 0.002), but not 
statistically significant when compared to the smok- 
er/drinker group (p = 0.1) or the other ENT pathol- 
ogy group (p = 0.1). 


Immunochemical Characteristics of IgA in Oral 
Secretion. The characteristics of the IgA in oral se- 
cretions were evaluated through sedimentation in a 
sucrose gradient. This was performed on three nor- 
mal, three cancer, two smoker/drinker and two 
other ENT pathology subjects. Figure 4 demon- 
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1.652073 0.574014 11540.14 0851403 


Tig 3. Levels of secretory component in serum. 


strates the results from one oral secretion from the 
patients with tongue carcinoma. 


IgA and SC were determined by respective com- 
petition RIA throughout the gradient and their rela- 
tive sedimentation was determined by comparison 
šo zadiolabeled 7S (IgA) and 11S (catalase) markers 
right-side ordinate). The IgA activity peaked at 
11S, indicating that it was in the form of secretory 
IgA. Secretory component activity was found main- 


iy in free form at the 4.2S position and a small peak 


at 115 indicating SC attached to secretory IgA. All 
zredients examined showed the same pattern re- 
aardless of pathology. 


IgA observed in secretions was essentially all SIgA 
and this suggests that the SIgA was specifically and 
actively transported by the secretory immune sys- 
‘era and not merely a reflection of increased transu- 
dation of 7SIgA from serum, which contains 7-to- 
19-fold more IgA compared to oral secretions. 


TNM Stage and IgA Levels. Elevated levels of 
IgA observed in both serum and oral secretions from 
pa:ien:s with oropharyngeal carcinoma did not re- 
‘lest the TNM stage in this study. In other words, 
the increase of IgA does not correlate with the stage 
of the cancer. Nodal involvement did not influence 
the level of IgA in secretion and serum. However, 
further study is necessary since the patient popula- 
‘ion was too small to determine statistical signifi- 
Dauce, 
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FRACTIONATIONS 


Fig 4. Density gradient ultracentritugation of oral secretion sample from patient with tongue 
carcinoma (T3No). IgA peak is located at 11S position (same as 11S catalase marker). Secre- 
tory component was found predominantly at 4.25 with a minor amount at 115 position, sug- 


gesting an association with IgA. | 


- IgA in oral secretion by RIA; 


- Secretory component 


by RIA; * - Catalase (11S) by 280- mm absorbance: A - lodine 125- jeheled human IgG (TS). 


Effects of Smoking/ Drinking and Local Infec- 
tion. One consideration during the study was to ob- 
tain the detailed clinical history of smokinz and 
drinking. It is well documented that cancer of the 
oropharynx is associated with heavy alcoho. con- 
sumption and smoking.’ We wished to determine 
whether smoking and alcohol consumption affect 
the level of IgA in oral secretions. Seventeen pa- 
tients with oropharyngeal carcinoma (8596) were 
heavy alcohol and tobacco users; however, three 
patients who had elevated IgA levels in oral secre- 
tions (358, 358, 337 ug/ml, respectively) did not 
have histories of any use of alcohol or tobacco. This 
supports the hypothesis that the elevated levels of 
IgA in oral secretions are not simply induced 
through mucosal irritation by alcohol or inhalation 
of smoke. Another consideration was the effect of 
local inflammation in the oropharvnx on the levels 
of IgA. Other otolarvngological disorders which in- 
volved various mucous surfaces in the head and 
neck region showed variable levels of IgA in oral 
secretions (122 to 710 pg/ml), although their 15 
minute-timed IgA showed only a small variation in 
the group (Fig 1). Furthermore, four of nine sub- 
jects in the smoker’ drinker subgroup had moderate 
to severe periodontal disease and their IgA level in 
oral secretions and washings was lower than the 
average of the group of other ENT pathologies. This 
suggests that the inflammatory process itself does 
not increase the amount of IgA. 


It is conceivable that the neoplastic tissue m the 
orophary nx might be heavily infected with bacter- 
ium and result in the stimulation of large amounts 
of immunoglobulins. However, oral secretions from 
patients with oropharyngeal carcinoma did not 
contain significant amounts of albumin or IgG 
(data not shown), which is known to dramatically 
increase in secretions associated with inflammatory 
processes.' This further suggests that the elevated 


IgA level in oral secretions has an apparent associa- 
tion with oropharyngeal carcinoma. 


DISCUSSION 


The data presented in this study further support 
and extend previous reports? that orophary ngeal 
carcinoma is associated with high levels of IgA in se- 
cretions bathing the neoplasm. This was confirmed 
by sensitive RIA rather than immunodiffusion tech- 
niques which were used in previous studies.*? Fur- 
thermore the method of sample collection, namely 
midmorning oral washings with saline, resulted in 
uniform samples containing de novo secretions of 
IgA rather than accumulated IgA in the oropharynx. 


The sucrose gradient fractionation demonstrated 
that the elevated IgA in oral secretions was in the 
11S form, indicating that its derivation was from 
specific transport by the secretory immune system 
rather sale increased transudation from serum, 
x seeretioni. poen studies with Bn 
lavage from patients with bronchogenic carcinoma 
and gastric aspirates from patients with carcinoma 
of the stomach revealed similar findings^?'? and 
reflect the involvement of the local secretory im- 
mune system with the neoplastic process. Con- 
sidered together with our results, the elevated IgA 
level in external secretions may reflect an underly- 
ing immune response to, as vet, unidentified an- 
tigen(s) associated with epithelial malignancies. 


The patients with oropharyngeal carcinoma also 
exhibited elevated levels of SC in serum. It is known 
that several types of epithelial tumors such as 
ovarian carcinoma, breast carcinoma, and naso- 
pharyngeal carcinoma secrete this material." ^? 
The elevated SC in serum observed in this study 
may originate from the neoplastic tissue itself and 
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become absorbed via the lymphatics into the serum 
either in free form or bound to IgA. We also ob- 
served elevated IgA levels in serum from eancer pa- 
tients, which is in accord with previous studies on 
head and neck cancers as well as other epithelial 
malignancies.'* However, there are no significant 
correlations between the > high levels of IgA in secre- 
tions and levels of IgA or SC in serum in the cancer- 
patient group. 

Involvement of the secretory immune system in 
head and neck carcinoma is not onlv biologically in- 
teresting but may also be of clinical value. Brown et 

al* reported that the IgA level in whole saliva cor- 
related with tumor load of oropharyngeal carcino- 
ma. In their study, the IgA level in oral secretions 
was significantly decreased after the successful 
treatment. It has also been reported tha: the ele- 


vated IgA in serum from patients with head and 
geck malignancies correlated with poor prognosis. * * 
"a eur study, SIgA determination had remarkable 
discriminating function between cancer patients 
anc eontrol subjects. The elevated level of SC in 
serum might also be an indicator of tumor load. 
This determination has the advantage that dilu- 
toral problems inherent to the collecting secretory 
“uid can be avoided. Measurements of SIgA in oral 
secretions and SC in serum may thus serve as tumor 
markers for oropharyngeal carcinoma and as a sup- 
alemental diagnostic armamentarium in the follow- 

p care of head and neck cancer patients. These 
questions along with the biological and im- 
"1uselogical significance of the increased secretion 
ef these materials in association with epithelial 
"a ignancies are currently under study. 
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MIDDLE EAR DISORDERS IN PATIENTS 
WITH ALPHA,-ANTITRYPSIN DEFICIENCY 


BRITT CARLSSON, MD 


STOCKHOLM, SWEDEN 


As it is not known whether individuals with o,-antitrypsin deficiency show increased sequelae following otitis media, 52 patients with 
a,-antitrypsin deficiency were studied with respect to histcry of middle ear disease. presence of irreversible pathologic changes of the tym- 
panic membranes, and hearing ability. The middle ear status was determined on otomicroscopy, tympanometry, and pure-tone audiom- 
etry. The frequency of individuals with a history of otitis media was 50% . The frequency of individuals with pathologic tympanic mem- 
brane changes was no different from that shown in the results obtained in a Swedish normal population study. Minor conductive hearing 
losses were found in three patients of which only one was related to a history of middle ear disease. However, the history of acute severe 
complications from otitis media revealed a higher frequency in those individuals with a,-antitrypsin deficiency as compared to normals. 


INTRODUCTION 


Granulocyte proteolytic enzymes are, if not inac- 
tivated, capable of causing tissue destruction. In 
middle ear effusions of serous otitis media (OM) and 
acute OM, a considerable extracellular release of 
these enzymes has been demonstrated.' Complexes 
of protease inhibitors and the granulocyte proteases 
have been shown,'? indicating active enzyme in- 
hibition in the middle ear. In addition to a locally 
produced protease inhibitor, the main plasme pro- 
tease inhibitors, o,-antitrvpsin (a,-AT) and 
o;-macroglobulin are present in middle ear effu- 
sions. Based on quantitative immunochemical 
studies of middle ear effusions, a,-AT has been sug- 
gested as the main protease inhibitor in the middle 
ear.‘ 


Alpha,-AT production is genetically determined 
by two codominant alleles in one gene locus, desig- 
nated Pi. More than 40 different Pi alleles, 
designated by letters of the alphabet, so far have 
been identified. Reduced levels of a,-AT are 
associated with PiZ, PiS and some other rarely oc- 
curring alleles.*" Except for the extremely rare con- 
dition of a total lack of a,-AT, Pi" genotype, and the 


rum concentrations of a,-AT are less than 20% of 
normal. The serum concentration of a,-AT in 
homozygote PiS individuals is approximately 60% 
and in heterozygote PiSZ individuals approximately 
40% of the normal a,-AT concentration. The cistri- 
bution of Pi phenotypes varies widely in different 
populations. In adult Scandinavians the frequency 
of the PiZ, PiS and PiSZ phenotypes is approxi- 
mately 1/1,500, 1/1,500, and 1/750, respectively.* 


Deficiency of a,-AT is known to be associated 
with the destruction of alveolar tissue resulting in a 
high incidence of pulmonary emphysema.’ Further- 
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more, a,-AT deficiency is associated with liver dis- 
eases.'^ Conflicting data exist concerning an associ- 
ation with joint disease.'''? The aim of the present 
study was to elucidate whether or not individuals 
with a,-AT deficiency also show an increased fre- 
quency of sequelae following otitis media (OM). 


MATERIAL AND METHODS 


Records of a,-AT analyses performed between 1977 and 1981 
in Sódersjukhuset and in Danderyd Hospital, Stockholm, formed 
the basis for selection of subjects participating in this study. The 
indications for a,- AT analysis had been a variety of disorders with 
suspected or accepted association to a,-AT deficiency. At Söder- 
sjukhuset. o,-AT concentrations in serum had been determined 
immunochemically using the Technicon Automated Immunopre- 
cipitation Analyzer for Specific Proteins (Technicon International 
Division S.A.) and Commercial Protein Standard Plasma batch 
1101E (Behringwerke). With this standard, the normal range of 
o,-AT in serum is 1.9 to 3.5 g/L, with a mean value of 2.6 g/L 
(100 6). All records of a,-AT analysis with an a,-AT concentra- 
tion of less than 60% of normal serum concentration were se- 
lected, resulting in 60 available patient records. In most cases, 
more than one registration of deficient a,-AT concentration in 
serum was available for each patient. Records of analvses of al- 
bumin, haptoglobin, and orosomucoid in serum performed simul- 
taneously with the a,-AT analysis. were registered for reference 
purposes. Forty of the 60 patients responded to a written inquiry 
concerning participation in a clinical investigation. Research was 
undertaken of health records, including ENT journals, outpatient 
records and hearing-aid records over the previous ten vears con- 
cerning the 20 patients not replving to the inquiry. The 40 in- 
dividuals participating (referred to as group A) consisted of 15 
men and 25 women, with a mean age of 49 years and an age 
range of 18 to 81 years. The range of o,-AT concentration in 
serum, expressed in percent of normal mean concentration of the 
technique used, was 10.4 to 57.7% . with a mean concentration of 
43.54 1.2 (SEM). 


At Danderyd Hospital, serum concentrations of a,-AT had 
been determined using the electroimmunoassay technique accord- 
ing to Laurell.“ Commercial standard plasma (DAKO PATT AS) 
was used. With this standard, the normal range of a,-AT in serum 
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TABLE 1. COMPARISON OF GENERAL HEALTH STATUS 
IN PATIENTS WITH INTERMEDIATE TO SEVERE 
a,-ANTITRYPSIN DEFICIENCY (GROUP A) 
AND IN PATIENTS WITH SEVERE 
a,-ANTITRYPSIN DEFICIENCY (GROUP B) 





No. of 
Group General Health Status _Patierts 
A Pulmonary disorders 8 
Joint disorders i 
Liver disorders 4 
Allergy 4 
Malignancy 2 
Other disorders 9 
Healthy 6 
Total 40 
B Pulmonary disorders 1 
Liver disorders l 
Pulmonary and liver disorders 2 
Joint disorders l 
Healthy l 
Total 12 


within reach with a documented homozygote PiZ phenotype for 
a,-AT deficiency, ie, 12 patients, were selected for the study and 
all 12 patients (six men and six women) responded to the invita- 
tion to take part in the investigation. The mean age was 46 vears, 
range 16 to 68 vears. The mean a,-AT concentration ín serum was 
19.12 5.695. range 11.2 to 29.8%. This material from Danderyd 
Hospital is referred to as group B. 


CLINICAL INVESTIGATION 


The clinical investigations of both groups of patients were per- 
formed at the audiology department of Södersjukhuset. All pa- 
tients were subject to a personal interview and otomicroscops by 
one ENT dan (the author). In the interview, the patients 
were questioned on any previous or current middle ear disease. 
Additional information on the general health of the patients was 
obtained by reviewing the available patient records. The otomi- 
croscopic findings were categorized in four types: 1) normal tym- 
panic membrane, 2) localized atrophy and scarring of the tvm- 
panic membrane, 3) myringosclerosis and minor retractions, and 
4) myringeal adhesions and perforations. The terms myr- 
ingosclerosis and myringeal adhesions refer to changes obse-ved 
in the tympanic membrane. 


Auditory Tests. The auditory tests were made by one skilled au- 
diometrist in a soundproof room. Pure tone audiometry was per- 
formed using a Grason Stadler 1701 audiometer. The frequencies 
employed for air conduction testing were 250, 500, 1,000. 2,000, 
3,000, 4,000 and 6,000 Hz. Bone conduction testing was used only 
in cases where air conduction thresholds equal to or greater :han 
20 dB were registered in the frequencies 250, 500, 1.000 and 2,000 
Hz. Conductive lesion was defined as an air-bone g gap of 15 dB or 
more for mere than one frequency. 


All individuals were subject to tvmpanometry using a Grason 
Stadler Otoadmittance meter 1720 with contralateral stimuletion 
with a probe frequency of 660 Hz. Conductance (G-curve) and 
susceptance (B-curve} were registered. Tvmpanograms were au- 
tomatically plotted between + 400 and — 400 mm H,O on an x-y 
recorder. Since pathological changes of the tvmpanie membranes 





sack æ healed perforations are consistently recognized on the 
B-curve © the pattern of the B-curve tvmpanograms was used for 
elassfieation in 1) normal, 2) flat, 3) negative pressure Below 150 
sim Heo, 4) W-tvpe, and 5) undulating tympanograms.'* 

Pati-ats with bilateral pathological changes were registered ac- 
corcin «to the ear most seriously affected. 


RESULTS 


ead oi. a v variety ol Nc of which 
pulmonary, liver, and joint diseases were the most 
common (Table 1). Three patients had increased se- 
rure cencentrations of haptoglobin and/or orosomu- 
coid, «nd four patients had a slightly reduced serum 
coneestration of albumin. Nineteen of the patients 
148 “2 had a history of one or more episodes of OM, 
15 jt hem having had more than three episodes. 
Two oatients had had mastoidectomies in the 
prears#piotic era, and one patient had suffered 
from :aeumococcal meningitis of otogenic origin in 
1364. A review of the health records of the in- 
divixlzals called but not taking part in the study 
revea-ed no documentation of middle ear disease. 


Th- 12 patients from the Danderyd Hospital 
(zrcuz B) suffered mainly from pulmonary and/or 
liver @sease (Table 1). Seven of the patients (58 76) 
kac a zistory of one or more episodes of OM, two of 
taem having had three or more episodes. One pa- 
tert ^ ad undergone mastoidectomy in the prean- 
tibiot era. 


Mo: patient in either group showed any clinical 
signs : f current middle ear infection at the time of 
exam cation. In group A, pathological tympanic 
mem aranes (type 2 to 4) were noted on otomicro- 
scopy n five of 21 patients (24%) with no history of 
OM. £a one of four patients (25% ) with a history of 
one o7 two episodes of OM and in nine of 15 patients 
(90 765 with a history of three or more episodes of 
OM, zathological tympanic membranes were noted 
(TabE 2). Two of the latter nine patients with a 
histore of three or more episodes of OM had been 
sube] to mastoidectomy. The one patient with a 
histor of otogenic meningitis had experienced only 
this &agle episode of OM and on otomicroscopy 
showed normal tympanic membranes. In group B, 
pataciogical tympanic membranes were noted on 
ctomrroscopy in two of five patients (40%) with- 
cut a zistory of OM. In one of five patients (20%) 
wita s history of one or two episodes of OM and one 
cf we patients with a history of three or more 
episosss of OM, pathological tympanic membranes 
were voted (Table 3). One patient with a history of 


___TABLE 2. OTOMICROSCOPIC FINDINGS AND HISTORY OF V TIS MEDIA IN GROUP A PATIENTS (N= 40) — 
Normal Localized M yringosclerosis Myringeal 
Tympanic Atrophy & i^ Minor Perforations Total No. 
Known Episodes of OM — Membranes Scarring Retractions — — € Adhesions _of Patients __ 
None 16 l l 21 
lor 2 episodes of OM 3 0 0 4 
3-or more episodes of OM 6 4 0 15 
Total 25 (62.5% } (22.5963 5 (12.5%) ] (2.5%) 40 
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TABLE 3. OTOMICROSCOPIC FINDINGS AND HISTORY DE OTIT I5 MEDIA 


Vul Ss octal Rc E a lg cc pr aue cnl REN. NUN NIE AN EC 
T a a T n SR IIT heen nr ai Na a ra 


Normal Localized 
| Tym pour Atrophy & 
Known Episodes of OM — Membranes Scarring - 
None 3 ] 
l or 2 episodes of OM 4 ] 
3 or more episodes of OM ] l 
Total 8 (66.7%) 3 (25% ) 


three or more episodes of OM in group B had had a 
mastoidectomy but showed normal tympanic mem- 
branes. 


There was general agreement between otonicro- 
scopic findings and tympanometry (Table 4). In 
almost all patients with normal tympanic mem- 
branes on otomicroscopy, normal tympano rams 
were registered. In all patients with localized 
atrophy of the tympanic membranes, a W-tvpe 
tympanogram was registered. 


No patient in group B, but three patients in zroup 
A, showed a conductive hearing loss. The range of 
the mean air-bone gap in the frequencies 500, 1.000 
and 2,000 Hz was 10 to 13.3 dB. One of the three 
patients had a history of frequent middle ear infec- 
tions and had undergone a mastoidectomy The 
tympanic membrane showed localized atropay on 
otomicroscopy and a W-type tvmpanogram was re- 
gistered. The other two patients had no historv of 
middle ear disease and both showed normal tvm- 
panic membranes on otomicroscopy. The tympano- 
gram was normal in one patient and a flat tvm- 
panogram was registered in the other patient. 


DISCUSSION 


À protease-protease inhibitor imbalance has 
generally been accepted as one cause of tissue de- 
struction. This is exemplified by alveolar tissue de- 
struction frequently seen in patients with severe 
a,-AT deficiency.’ Individuals with intermediate 
a,-AT deficiency run a greater risk of pulmonary 
damage in particular when additional exogenous 
hazardous stimuli such as cigarette smokirg are 
present." As granulocyte proteases are released in 
middle ear effusions, it might be suspected tł at in- 
dividuals with a,-AT deficiency also run a higher 
risk than normals of suffering destruction of middle 
ear structures following OM. 


Ea aa i rr ir m tte IR Nt A Raper Aer eT Pe erri a ri 
i DS EEE EEA ES EEA UNMIDEUNLENUDUR oem mM henna de 


iriiria ern enmena rerem aN AAAA ETT 


Myringosclerosis Myringeal 
C Minor Perforations Total No. 
E Retractions & Adhesions of Patients 
l 0 5 
0) 0 5 
0 0 2 
1 (8.3%) 0 (0%) 12 


Alpha,-AT is an acute phase reactant and serum 
levels rise during stimulation, ie, inflammation, 
pregnancy and malignancy.'*'* Reduced levels of 
a,-AT are mainly found in association with the 
genetic variants of w,-AT deficiency and only rarely 
as a secondary feature of nongenetic etiology.'*?? In 
group A, elevated concentrations of the acute phase 
reactants, haptoglobin and orosomucoid, found in 
three cases, and malignancy in two cases, indicate 
the possibility of increased synthesis of a,-AT above 
resting levels in those individuals at the time of 
sampling. Thus, registered intermediate concentra- 
tions of a,-AT (20 % % to 60% ) can still imply a severe 
a,-AT deficiency (below 20% ) in a resting state. Re- 
duced levels of a,-AT as a secondary feature were 
ruled out in all individuals within this group by 
analyses of the general health status and laboratory 
findings of albumin concentrations in serum. Thus, 
it was concluded that group A consisted of indi- 
viduals with intermediate as well as individuals 
with severe genetic a,-AT deficiency. As all in- 
dividuals in group B had a severe a,- AT deficiency 
of the PiZ phenotype, the total material of group A 
and group B together can be analyzed as one mater- 
ial consisting of individuals with intermediate to 
severe genetic a,-AT deficiency. 


The frequency of OM varies widely in the liter- 
ature. Better medical awareness and better availa- 
bility of medical care today contribute to higher 
frequencies of OM in recently published prospective 
pediatric population studies in which the incidence 
of OM varies between 54% and 71% .?' 3 Further- 
more, as OM is mainly a childhood disease,**** the 
true frequencv of individuals with a history of OM 
is difficult to obtain in retrospective analyses of 
adult populations such as the present study. How- 
ever, it can be concluded that the individuals in this 
investigation, of whom 50% had a history of OM, 


TABLE 4. DISTRIBUTION OF OTOMICROSCOPIC FINDINGS AND PATTERN 
OF TYMPANOGRAMS (B-CJ RVE) IN GROUP A AND GROUP B PATIENTS 





Normal wocalized Muyringosclerosis Myringeal 

Tym [oes Atrophy © & Minor Perforations 

Membranes Scarring Retractions C Adhesions 
LL Lc OUR RM. a cg Si cee, 
Normal 20 6 0 0 0 0 0 0 26 
Flat l 0 0 0 3 0 0 0 4 
Negative pressure 0 0 0 0 0 0 0 0 Ü 
W-shape 4 2 9 3 2 ] ] 0 22 
Undulating 0 0 0) 0 0 0 0 0 0 
Total 25 8 9 3 5 l ] 0 92 
Total groups A+B 33 (63.5% ) 12 (23.1%) 11.5%) 1 (1.9%) 52 (100%) 
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do not show anv lower frequency of OM as com- 
pared to normals. 


The introduction of antibiotics has reduced -he 
frequencv of acute severe complications from OM. 
This is illustrated in a largescale population study of 
Swedish men born and living in Gothenburg,” a ci- 
ty with a socioeconomic and ethnical structure 
equivalent to that of Stockholm. The Gothenburg 
study consisted of statistical samples of 767 men age 
60, 220 men age 50, 125 men age 30, and 260 men 
age 20. The frequency of individuals who in their 
past had undergone mastoidectomy was 1.7% in 
the 60-year-olds, 2.3% in the 50-vear-olds, 0% in 
the 30-year-olds and 0.8% in the 20-vear-olds. 
None of the individuals had been over the age of 30 
vears when operated upon. In the total material of 
1,372 men with a mean age of 48 years, the fre- 
quency of mastoidectomies was 1.5%. In the pres- 
ent studv, with a similar age range and mean age as 
the Gothenburg study, a significantly higher Íre- 
quency of mastoidectomies was found, 5.8% 
(p« 0.05, binomial distribution analysis). Since :he 
incidence of OM shows no sex difference? or a 
higher incidence in boys than in girls,? the sex 
distribution in the present study does not contribute 
to this higher frequency. Including the one case 
with a history of otogenic meningitis in the present 
study, the frequency of acute severe complications 
from OM is still higher, 7.7%. The frequency of 
acute severe complications based on the number of 
individuals with known episodes of OM was 15.4%, 
which further emphasizes the higher risk found in 
individuals with a,-AT deficiency. As in the present 
study, only living individuals suffering from dis- 
orders with accepted or suspected association with 
a,-AT deficiency were studied; it is not possible to 
determine whether the increased risk of suffering 
from acute severe complications following OM in 


indivi:uals with a,-AT deficiency also implies a 
highe- mortality risk in this disease. However, in 
o,-AT deficiency population studies, no mortality 
fora middle ear disease has been reported.?.? 


A sabsample of the Gothenburg material consist- 
ing o£ 767 60-year-old males was analyzed with re- 
spect co the prevalence of pathologic changes of the 
trmpaadic membranes. Normal tympanic mem- 
branes were found in 63%, localized atrophy in 
13%, mvringosclerosis in 19%, and myringeal per- | 
fwretians and adhesions in 5%. Since the parame- 
ters used for classification of the pathological 
changes observed on otomicroscopy are identical in 
tuat ead in the present study (Table 4), the results 
of the two studies can be compared. Chi-square 
ana'y-s (3df) did not reveal any difference 
(32 0: 25) between the two materials with respect to 
tae distribution of the otomicroscopical findings in 
tae tympanic membranes. Furthermore, the pres- 
eat stacy did not show any correlation between se- 
vere ecute complications from OM and irreversible 
tzmni: membrane changes. Neither did the audi- 
tery tests reveal conductive hearing losses in more 
taam hree of 52 individuals. These results thus im- 
piv that individuals with a,-AT deficiency do not 
ran azy higher risk of developing irreversible patho- 
legie *aanges of middle ear structures than do nor- 
reals. 


In sonclusion, a,-AT deficiency is not associated 
oe eny dE Sdn. ot e fron 
E ane or impairment of PEOR TENERA in- 
Cividzals with a,-AT deficiency run a higher risk of 
safferzag from acute severe complications from OM 
taan xormals do. Thus, it is recommended that pa- 
tents with severe acute complications from OM 
s10uli be controlled with respect to their a,-AT 
phene ype. 
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GAS ABSORPTION IN SEROUS OTITIS 
A CLINICAL ASPECT 


STEZN GIMSISG, MD 


SOÓNDERBORG, DENMASK 


Anima. experiments have shown that gas absorption can produce a consaderable intratympanic underpressure when the gas composi- 
tion of the middle ear is disturbed. A similar phenomenon was observec in caildren with serous otitis, In 12 ears with underpressures ex- 
ceeding — 150 mm H,O, Valsalva inflation or politzerization produced’ a transient improvement followed by a rapid return to subat- 
mospheric pressures ranging from — 130 to — 300 mm H,O. In four cases wits middle ear pressures between —65 and — 135 mm H:O, the 
same procedure did not result in any significant underpressu-es. These fiedings suggest that inflation of the middle ear in the presence of a 
deep underpressure serves no purpose. It is also possible that a negative oressure, once established. can be maintained in this way, 


INTRODUCTION 


Despite the extremely common nature of serous 
otitis mecia, much remains to be understood about 
its etiology and pathogenesis. One of the cardinal 
questions concerns the development of subatmos- 
pheric middle ear (ME) pressures. 


Recentiy, Cantekin et al' demonstrated that ME 
pressures in the range of —400 to —730 mm H,O 
could develop in rhesus monkevs politzerized with 
air or oxygen gas. It was concluded from these ex- 
periments that the alteration of the gas composi-ion 
in the ME cavity produced by politzerization ac- 
celerated the physiological gas absorption rate, 
leading to a negative intratympanic pressure. The 
prerequisite was that physiological ventilation of 
the ME via the eustachian tube (ET) be nonfunc- 
tional. 


The purpose of this paper is to describe the obser- 
vation of the same phenomenon in a number of 
school children with ME underpressures. In these 
children we observed that there was a gradual and 
relatively fast return to subatmospheric levels when 
normal or positive pressures had been imduced by 
the Valsalva maneuver or politzerization. After 
preliminary experiments in four ears, a series of 
systematie observations were made 1) to establish 
whether the phenomenon occurred ir all ears 
studied; 2) to ensure that the negative ME pressure 
developed graduallv and not in a stepwise manner, 
as would be the case if the ME were evaeuated ac- 
tively; and 3) to determine the level of under- 
pressure that could be attained. 


METHODS 


children 7 and 10 vears old. Only ears in which pneumatic oto- 
scopy had not revealed signs of effusion were inciuded in the 
study. Each patient was asked to inflate his MEs by the Valsalva 


maneuver. Ears that could not be inflated in this manner were 
nolzzerized (ears 5, 8, and 9); in these ears a positive pressure was 
ad«ced in the epipharynx with a rubber bulb while the patient 
*asswa.lowing a sip of water. 


Ir. all ears the initial underpressure and the pressure attained by 
ME inflation were recorded. The patients, sitting in a chair in 
wore of an examiner, were instructed to avoid vawning and sniff- 
ng during the experiment. Tympanometry was then performed 


at sort .ntervals (one, two, or five minutes) until the number of 


vecczdinzs was sufficient to make possible a graphic representa- 
toned ME pressure as a function of time. 


Most of the tympanograms were recorded with an American 
Zlectromedics tympanometer, model 85 AR, but in ears | and 2, 
an aromatic digital SA-100 tympanometer (Scandinavian Audi- 
omczer AB, Malmo, Sweden) was used. The agreement between 


the wo tympanometers had been examined previous to the study 


and was found to be extremely good. 


RESULTS 


Valsalva inflation or politzerization, as described 
abcve, changed the initial ME underpressures to 
pressures between + 185 and —50 mm H,O. Short 
mterval tympanometry after inflation showed a 
gradual return to pathological subatmospheric 
-evels in ears in which the initial underpressure ex- 
eeeled — 150 mm H,O. After 20 minutes the ME 
pressures ranged from — 100 to —290 mm HO. 
‘Jur findings are shown in Figures 1, 2, and 3. For 
seasons of clarity recordings of three ears have been 
netted, since they followed the same pattern as the 
ethers. 


Inilation did not result in similar pressure levels 
m @he four ears which had only modest initial un- 
deroressures (Fig 4). In these ears, ME pressures 
were between —65 and —135 mm H,O prior to in- 
tlation. and the lowest pressure recorded 20 minutes 
afterinflation was — 85 mm HO. 


^£ interesting observation (Fig 2) was made in a 
»-year-old girl with ME pressures of — 325 mm H,O 
rea s 5 and 9). After inflation, her ME pressures 
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sank to pathological levels, as was the case in the 
other ears with pronounced underpressures, but 
when levels of —190 mm H,O had developed in 
both ears, she vawned intensely and equilibrated 
the underpressures. Following this, a new descent 
began. Regrettably, she would not permit further 
tympanometry, but the recordings obtained suggest 
that negative ME pressures would develop even 
after equilibration. 


DISCUSSION 


The ME cavity can be considered an "open 
nonventilated" or "intermittently ventilatec gas 
pocket" in which oxygen and nitrogen are constant- 
ly absorbed.? In principle, gas exchange may occur 
in four ways: 1) diffusion across the capillar:es of 
the mucosa; 2) diffusion across the tympanic mem- 
brane; 3) passage via the ET; and 4) diffusion 
through the round window. 


Studies by Elner? indicate, however, that gas dif- 
fusion through the normal tympanic membrane is 
negligible. Experiments using widely different meth- 
ods? seem to agree that about 1 ml of gas is absorbed 
from the ME per 24 hours. The minute underpres- 
sure, continuously generated by gas absorption, is 
equilibrated by the intermittent openings cf the 
ET. Air volumes entering the ME in this way suffice 
to equilibrate the underpressure, but are too small 
to affect the gas consumption within it.’ 


Consensus probably exists concerning the interac- 
tion between gas absorption, generation of a minute 
underpressure, and equilibration of the underpres- 


Fig 1. Recordings of middle ear 
pressures in ears 1 to 4 before and 
after Valsalva inflation. T, - Im- 
mediately before inflation: Te - Im- 
mediatelv after inflation. 


sure in a normal ME possessing a well-functioning 
ET. In serous otitis, on the other hand, the possible 
role of gas absorption is a matter of much contro- 
versy. According to the traditional concept, dys- 
function of the ET, ie, either mechanical or func- 
tional obstruction, prevents the physiological ven- 
tilation of the ME. Under these circumstances, the 
underpressure generated by the continuous gas ab- 
sorption is not equilibrated, but grows to patho- 
logical levels. It is thought that a pathological un- 
derpressure can cause effusion per se,* and that it 
may have a harmful effect on the ME mucosa. No 
conclusive evidence in support of this theorv has 
been presented to date. The fundamental problem 
is to definitely determine the composition of the gas 
and the rate of gas exchange in the ME cavity under 
normal and abnormal conditions. 


Some data supporting the theorv do exist, how- 
ever. Cantekin et al? demonstrated in rhesus mon- 
kevs that functional obstruction of the ET produced 
bv transection or expunction of the tensor veli 
pressures. Tos and Bonding* have shown that 
nasotracheal or nasogastric intubation in humans 
produces a considerable ME underpressure that re- 
mains for some time after extubation. They ascribed 
their findings to mechanical obstruction of the ET 
orifice and to internal tubal occlusion caused by ir- 
ritation of the mucosa. The fact that patients with 
malignancies in the epipharynx frequently have ME 
effusions on the affected side may be explained by 
similar mechanisms. It has been demonstrated that 
posterior nasal packing in patients with epistaxis 
also results in pathological ME pressures.” * 
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It 2 4 6 8 10 12 14 16 18 20 min 


Fig 2. Recordings of middle ear pressures in ears 8 and 9. I 
- Immeciately before politzerization; t; - Immediately 
after politzerization. Patient vawned after eight minutes, 
which opened eustachian tubes and equilibrated ME pres 
sure. 


The pathogenic role of gas absorption in serous 
otitis media has been questioned by Buckingham 
and Ferrer, who, by using direct measuring 
methods, reported ME pressures ten times smaller 
than those recorded by tympanometry in ears with 
serous otitis. There is also opposition to this theory 
from Magnuson,'? who denies that gas absorption 
can produce the deep underpressures seen in serous 
otitis and who has proposed a new theory stating 
that negative ME pressures are generated by active 
evacuation of the ME by sniffing. 


Our study showed that inflation of MEs with un- 
derpressures exceeding — 150 mm H,O resulted in 
normal or positive pressures rapidly followed by a 
return to pathological levels. Although escape of gas 
through the ET may have contributed to reduction 
of the positive pressures, it seems safe to assume that 
negative pressures were caused by gas absorption in 
the ME, since active evacuation by means of sr iff- 
ing can be ruled out for the following reasons. All 
individuais studied were under continuous observa- 
tion to ensure specifically that sniffing did not oc- 
cur. All curves followed the same general pattern, 
indicating a gradually decreasing ME pressure. The 
recordings in Figure 1, where one-minute intervals 
were used, preclude the possibility of a stepwise 
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Pig 3. Recordings of middle ear pressures in ears 5 to 7 
before and after either Valsalva maneuver or politzeriza- 
fo. I - Immediately before; to - Immediately after. 


pressure change. Even where longer intervals were 
used. most of the decrements are smaller than those 
sees in sniffing. 


The shapes of the curves representing ME pres- 
sure in this study resemble those in Cantekin et al’s 
animal experiments.’ Pathological values were, 
however, reached much faster in our study. This 
car be explained by the fact that the children had 
enderpressures in their ears at the beginning of the 
experiment, which was not the case in Cantekin et 
al’s monkeys. The presence of a considerable nega- 
tive pressure in a ME implies that the amount of gas 
in tae ear is small. Consequently, the gas composi- 
tion is deranged more by a Valsalva maneuver than 
is thee gas of a normally aerated ME, providing that 
tne same volume is inflated. Cantekin et al,’ found 
tnat the rate of gas absorption depended on the 
cegsee to which the original gas composition was 
cistarbed. Accordingly, a faster pressure reduction 
was expected in the children we studied. 


Fhe ears depicted in Figure 4 had only modest or 
siigst underpressures, ie, — 65 to —135 mm H,O. In 
tnese ears no significant negative pressures were 
recorded. The observation period may, however, 
Lave been too short to allow a definite conclusion 
£bomt the final pressure level. Apparently, the gas 
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compositions were not disturbed enough to elicit 
fast absorption. 


Since the Valsalva maneuver and politzerization 
only produced pathological underpressures in ears 
which already had considerable underpressures, the 
presence of the original underpressures has still to 
be explained. 


Cantekin et al,’ proposed a theory in whica de- 
rangement of the gas composition in the ME cavity 
plays a central role. They hypothesized that the in- 
tervals between the openings of the ET may be pro- 
longed in conditions of tubal dysfunction. Due to 
continuous gas absorption in the ME, the pressure 
gradient between the ME and the epipharynz will 
increase and cause larger than normal volumes of 
air to enter the ME at each opening of the tube. 
This may derange the gas composition in the cavity, 
accelerate gas absorption, and lower the intratym- 
panic pressure. The new underpressure will sef up a 
new gradient, initiating a vicious circle which leads 
to a pathological ME pressure. 


A different view is taken by Magnuson,'? wko has 
established that active evacuation by means of sniff- 
ing can produce considerable intratympanic under- 
pressures. The two theories are not necesari y ex- 
clusive and may even be combined to a certa.n ex- 
tent. In a common cold, for instance, the ME is 
often evacuated when a sniff is performed, prob- 
ably due to pressure gradients following nasal ob- 
struction. If equilibration of such an underpressure 
because of tubal dysfunction necessitates a Va salva 
inflation, a process of gas absorption, as demon- 
strated in this study, may be started. It is also con- 
ceivable that nasal obstruction in a commor cold 
may elicit a Toynbee phenomenon upon swallowing 
and may thus induce a negative ME pressure. Tubal 
dysfunction may then have the same consequences 
as suggested above. 


CONCLUSION 


Our findings suggest that Valsalva inflation or 
politzerization in ears with deep underpressures 





10 2 


456 8 10 12 14 18 18 20 min 


Fig 4. Recordings of middle ear pressures in ears 10 to 13 
before and after Valsalva inflation. I - Immediately 
before; 0 - Immediately after. 


may initiate a process of gas absorption leading to a 
fast restoration of the underpressure. Accordingly, 
inflation of the ME may not be beneficial in the 
treatment of serous otitis. It is also implied that in- 
flation of the ME should not be employed in ex- 
periments testing the ability of the ET to equilibrate 
a positive intratympanic pressure. Finally, it can be 
assumed that gas absorption induced in this way 
may play an important role in maintaining an al- 
ready existing ME underpressure. 
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X-RAY STUDY OF TEE MONTH 


METASTATIC CARCINOMA OF THE THYROID 
TO THE SPHENO:D SINUS 


GLORIA CHANG, MD 


ALFRED WEBER, MD 


BOSTON, 


PATIENT 


The patient is a 50-year-old woman with a his- 
tory of papillary and follicular carcinoma involvi ing 
the right lobe of the thvroid, adjacent soft tissues 
and lymph nodes. In 1974 she underwent total thy- 
roidectomy and right radical neck dissection. On 
this admission she presented with intermittent epi- 
E inu pain. in the right nasopharvngeal re- 
gion. Physical examination revealed a mucosa-cov- 
ered mass filling the nasopharynx. 


RADIOGRAPHIC FINDINGS 


On admission a chest x-ray study showed a dif- 
fuse, bilateral nodular pattern consistent with me- 
tastasis from thyroid carcinoma (Figure, A). Plain 
films and polytomes of the nasal cavity and naso- 
pharynx in both the AP and lateral projections re- 
vealed a soft tissue mass in the sphenoid sinus (Fig- 
ure, B, lateral polytome, arrows) eroding the basi- 
sphenoid and extending into the nasopharynx (Fig- 
ure, B, arrowheads). There was also erosion of the 
sellar floor (Figure, C, lateral polytome, arrow- 
heads). A computerized tomography (CT) scan with 
contrast enhancement in the axial plane (Figure, D) 
revealed a soft tissue mass in the sphenoid sinus ex- 
tending into the posterior ethmoid sinuses (small 
arrowheads) and the sella (large arrowheads). 


DIAGNOSIS 


The findings of both the polytomes and CT sean 
at this admission were thought to represen: a 
mucocele or primary tumor of the sphenoid sinus 
with extension into the nasopharynx, ethmoid 
sinuses and sella. At surgery, a left lateral rhirot- 
omy, septectomy, left ethmoidectomy and left sphe- 
noidectomy were performed. The pathological di- 
agnosis was follicular carcinoma with papillary foci 
consistent with metastasis from the resected pri- 
mary thyroid carcinoma. 
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DISCUSSION 


Papillary carcinoma of the thyroid is slow- 
growing and metastasizes via ly mphatics to regional 
lymeph nodes and rarely to distant sites. Follicular 
car-incma of the thyroid grows slowly and metasta- 
sizes via vascular channels, especially to bone and 
lung. ? Metastatic carcinoma to the sinonasal tract 
is estremelv rare. The most complete review of this 
sub:ect was done by Bernstein et al in 1966 in which 
thee reported only 82 cases in the world literature, 
inc uding ten of their own. of these 82 cases, only 
3.8% had thyroid primaries.? Metastatic tumors to 
the par anasal sinuses arise most commonly from 
adenoearcinoma of the renal M uU (hy pr 
testes and thy roid in that order. Sites of upper air- 
way tract involvement in decr reasing order of fre- 
queacy are the maxillary, ethmoid, frontal sinuses, 
anc the nasal cavity. The sphenoid sinus, nasophar- 
vx, hard palate and alveolar ridge are much less 
cor: ron locations.” 4 


Lesions in the sphenoid sinus, remaining para- 
nasal sinuses, nasal cavity and nasopharynx may 
repeesent metastatic disease. Frequently, no clini- 
call distinctive features are present; metastatic dis- 
ease may present with local pain and epistaxis, as in 
the case of our patient.** Unfortunately, there are 
no specific radiographic findings to differentiate 
metastatic from primary sinus lesions. Metastatic 
anc primary tumors can invade soft tissue and de- 
strc« bone. Plain films and polytomes can delineate 
the extent of bone destruction. The axial contrast- 
enhanced CT scan can further delineate the intra- 
crasial and orbital extension of the tumor. A careful 
histerv of previous malignancy is therefore helpful 
in mak: ng the correct diagnosis. Other lesions that 
ma: present in this region are mucocele, chordoma, 
primary sphenoid sinus carcinoma, nasopharyngeal 
carcinoma, plasmacytoma, adenoidcystic car- 
cinema, pituitary adenoma and giant cell granu- 
Oma. 


j, Harvard Medical School. Boston. 
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In order of frequency, the plasma cell lesions affecting the head asd peek are multiple myeloma, extramedullary plasmacytoma, 
plasma cell granuloma, and solitary plasmacytoma of bone. All except plasme ceł granuloma are neoplastic and they are interrelated. The 
solitary plasmacytoma of bone is regarded as a form of multiple myeloma. Ti e<xtramedullary plasmacytoma may be a lesion of local sig- 
nificance only or may terminate in a disseminated disease, mvelomatosis, “hat ers clinically and prognostically from multiple myeloma. 


A localized plasma cell lesion in the head and 
neck poses considerable diagnostic and therapeutic 
problems for the head and neck surgeon. While 
there is a rather abundant literature on these 
tumors, the authors have either perpetuated the 
opinions of others or have indiscriminately lumped 
the several categories of disease into one. 


Confronted with a plasma cell tumor. the head 
and neck surgeon has several, yet a limited number 
of, diagnostic options: 1) a localized manifestation 
(bone or soft-tissue) of existing systemic disease, 
multiple myeloma; 2) an extramedullary plasmccy- 
toma without evidence of svstemic disease; 3) a lo- 
calized, intraosseous lesion, solitary plasmacytoma 
of bone; cr 4) a benign inflammatory lesion having 
no relationship to the preceding three disorders, the 
plasma cell granuloma. Each of these lesions will be 
discussed, but the integral cell, the plasma cell, re- 
quires definition. 


Plasma cells are now widely accepted as the se- 
cretory form of B-lymphocytes, differing principal- 
ly by the presence of abundant protein-synthesizing 
equipment in the cytoplasm. Plasma cell diseases 
are a group of clinical disorders characterized bv 
growth of a single clone of cells that elaborates a 
single, homogeneous immunoglobulin molecule. 
The most important and numerous of these diseases 
is multiple myeloma. It may be regarded as a malig- 
nant plasma cell disorder arising from a single 
transformed cell of the B-cell series of lymphocytes. 


Neoplastic proliferation of this single line of plas- 
ma cells produces a specific protein, as if under con- 
stant antigenic stimulation. Because a specific 
globulin is produced that is unique for each patient, 
the plasma cell diseases are also referred to as mono- 
clonal gammopathies. The monclonal proteir. is 
comprised of one heavy-chain class (IgG, IgA, IgM, 


is often referred to as an M (myeloma protein). 


I 'isgnosis of plasma cell dyscrasias is based on the 
con: bination of clinical, radiologic and clinical lab- 
cra cry evaluations. In the latter, the presence and 
classication of the paraproteinemia is most impor- 
tan: «ad definitive. Production and detection of the 
paraproteinemia is, however, not uniform. Nonse- 
creto^v forms exist and detection is clearly based on 
tumor mass or tumor burden, a factor very impor- 
tan zm localized plasmacytomas. 








ELASP"EA CELL GRANULOMA 


F:e«raa cell granuloma is the least controversial of 
the pasma cell tumors. It has a predilection for the 
cra. cavity. Because of the numbers of plasma cells 
normally present in the upper aerodigestive tracts, 
their presence in reactive and inflammatory lesions 
is ezpected. In instances where they are unusually 
&bun ant in such reactions, the designation plasma 
cell granuloma is applied as a diagnostic term. In 
the oral cavity, plasma cell granuloma is a lesion 
primarily of the periodontal tissues. The gingiva is 
the aea most frequently involved, with maxillary 
and reandibular gingivae equally affected. The tu- 
mors are seen on the marginal, interdental and at- 
tacke gingiva; alveolar mucosa is spared. 


Boae loss may or may not be present. There is no 
sex predilection and the lesions can occur at any 
age #ultiple plasma cell granulomas are rare. Re- 
"ursesces are dependent on the underlying cause of 
the reactive lesions. 


N i*roscopically, plasma cell granulomas can be 
cist rzuished from plasmacytoma. The stromal ma- 
trix isvcascular and reactive. The plasma cells, while 
rurrercus, do not exist in pure or nearly pure “cul- 
tare” and are accompanied by other inflammatory 
cell:. Tae plasma cells show no cytologic abnormal- 
pies and are usually concentrated in areas sur- 
rouaced by connective tissue septae. Russell bodies 
raay i»? present, 
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SOLITARY PLASMACYTOMA OF BONE 


Solitary plasmacytoma of bone is now recognized 
as a rather unusual presentation of multiple myelo- 
ma.'? For this reason and because its presentation 
in facial bones is uncommon, it is the second least 
controversial of the plasma cell disorders. Patients 
man on Dama yiana of pone are Aenea as 
no Ed e of plasmacy tosis in a Le bone mar- 
row examination. Detection of a paraprotein or 
M-band in serum or urine does not exclude the 
diagnosis.'? There is no absolute proof tha: any 
such lesion is indeed "solitary." The spine, pelvis. 
and femur are the sites of predilection. There is a 
male preponderance and the average age of onset is 
about one decade less than that for multiple mvelo- 
ma.'^ 


The radiographic appearance is usually a multi- 
cvstic area of rarefaction. Compared with the 
sharply demarcated, destructive lesions of multiple 
myeloma, the solitary plasmacytoma is character- 
ized as being larger, trabeculated, and mu tiloc- 
ular. 


The presence of protein abnormalities is obvious- 
lv important for follow-up. If a paraprotein is pres- 
ent, it should disappear after primary treatment. 
Persistence or reappearance indicates residual tu- 
mor or dissemination. 


Dissemination is nearly always an event that oc- 
curs in the first 3 to 5 vears after primary diagnosis.’ 
Nearly 50% of the patients exhibit this spread of 
disease which is almost exclusively skeletal. *? Extra- 
medullary spread is quite unusual. After dissemina- 
tion, the clinical, pathologic and laboratory is 
Xi euch a definite percentage of patients w a a 
tary plasmacytoma of bone manifest no recurrences 
after treatment and have no dissemination o: their 
disease, they should be considered as always at risk 
for multiple myeloma. '? 


MULTIPLE MYELOMA 


In contrast to the low incidence of solitary 
plasmacytoma of bone in the jaw bones, radiogra- 
phic evidence of such involvement by multiple 
myeloma is not uncommon and is estimated af near- 
ly 30% .? The jaw lesions appear as multiple. non- 
corticated, small, osteolytic lesions. They vary in 
size from 1 to 3 mm and seldom exceed 1 cm. Con- 
fluence of the lesions is rarely seen. In up to 15% of 
cases of multiple myeloma, the jaw lesions may be 
the primary manifestation of the disease.” Both 
maxilla and mandible may be affected, but the 
mandible is most often the site. In the mandible, the 
initial lesions tend to appear in the posterior region 
where marrow spaces are largest and exter.d for- 
ward and below the mandibular canal. There is 
also extension up into the marrow spaces of eden- 
tulous regions and into the ramus. 


EXTRAMEDULLARY PLASMACYTOMA 


Extramedullary plasmacytoma is the term ap- 
plied to plasma cell tumors which present outside of 
bone.'** Tumors arising in the skeleton which have 
broken out through the cortex to form an associated 
soft tissue mass are excluded. Of all extramedullary 
plasmaeytomas, up to 80% have been recorded as 
arising in the upper air passages and oral cavity.’ 
They represent nearly 4% of all nonepithelial neo- 
plasms of the nasal cavity, nasopharynx, and para- 
nasal sinuses.? Arising in submucosal tissues in these 
sites, the plasmacytoma presents as a fleshy, vellow- 
gray to dark red, sessile, polypoid or pedunculated 
tumor. Ulceration is not frequent but underlying 
bone may be involved. 


Between 10% to 20% of upper aerodigestive 
tract plasmacytomas will manifest multiple lesions 
in the head and neck, eg, nasopharynx and nasal 
cavity or larvnx and pharynx.' 


The biologic behavior of an extramedullary plas- 
macvtoma of the upper aerodigestive tract can fall 
into one of several patterns: 1) localized solitary dis- 
ease, controlled by surgery, radiotherapy, or both, 
and which does not recur or become disseminated: 
2) locally recurrent disease, controlled by addi- 
tional therapy; 3) aggressive, persistent, or recur- 
rent disease producing death of the host through 
Ncque local extensions; 4) aces disease with 
but W uu E. of distant niat. nd 2) local 
disease. recurrent or otherwise, followed by disse- 
mination and development of multiple plasma cell 
neoplasms and/or multiple myeloma. Assessed by 
clinical stage, localized and controllable plasmacy- 
tomas ar? stage I. Stage II disease includes those tu- 
mors with local extension and/or involvement of 
lymph rodes. Disseminated disease is stage III. 
With an increase in stage, the probability of serum 
and urine abnormalities being detected increases. 
This reletes to tumor mass and not to the cellular 
composition, since each plasmacytoma elaborates 
its own monoclonal proteins.°’ 

Histologic appearance cannot be used as a relia- 
ble indicator of biologic activity.* The typical extra- 
medullary plasmacytoma consists of a monocellular 
proliferation of plasma cells set in a very sparse 
matrix. Cellular and nuclear atvpia may be min- 
imal or 5orominent. Binucleate and trinucleate cell 
forms may be present and in some fields only a prox- 
imity to more definable plasma cells allows defini- 
tion of the cells. Local amyloid is found in about 
15% of the cases, but systemic amyloidosis is very 
unusual. 


In the most comprehensive review to date, Wilt- 
shaw! indicates that 40% of extramedullary plas- 
macytomas spread beyond the presenting site and 
its n d Ivmph nodes. Of these, 81% developed 
lesions ir. bone (most often single and randomly dis- 
tributed’ and 62% had soft tissue and visceral de- 
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Proposed interrelationships of plasma cell tamors of head and neck. 


posits. The spread to bone demonstrates no prefer- 
ence for active hematopoietic tissue, such as mye- 
loma prefers, and is rarely as widespread or diffuse 
as that seen in patients with multiple myeloma. 


The variable patterns of behavior of extramedul- 
lary plasmacytomas set them apart from the other 
plasma ceil disorders, but the reasons for this are 
hard to find.'’ The low tumor burden is certainly 
accountabie for the normal or near-normal immu- 
noglobulins and the usual absence of detectaole 
mveloma proteins. The predominance of IgG-con- 
taining plasma cells in the nasopharynx and upper 
airway may also be an ameliorating factor since 
myeloma patients with IgG have better therapeutic 
responses and survival than do patients with an IgA 
myeloma.® The reported good response to chemo- 
therapy in patients with disseminated disease from 
extramedullary plasmacytomas differs from the 
poor survival manifested by most patients with mul- 
tiple mveloma.' There is an overall survival rate of 
more than 50% at ten vears for extramedullary 
plasmacytoma patients.' Finally, plasma cell dys- 
erasias originating from extramedullary sourees 
tend to behave more like lvmphoreticular neoplasms 
than multiple myeloma. The regional lymph ncde 
involvement and nodular rather than diffuse bene 
marrow involvement speak to that hvpothesis.' ^ 


The Figure summarizes the interrelationships of 


The Figure acknowledges the possibility of evolu- 
tion of extramedullary plasmacytoma to multiple 
myeloma but relates the differences in the dissemi- 
nation pattern and better prognosis to the disorder 
myelomatosis as distinct from multiple myeloma. 


SUMMARY 


Neoplastic plasma cell disorders, multiple myelo- 
ma, extramedullary plasmacytoma and solitary plas 
riacytema affect the head and neck with different 
rardfestations. Multiple lytic lesions of the jaws 
and imfrequent soft-tissue lesions characterize 
multinte myeloma’s presence. The solitary plasma- 
evtema of bone is infrequent in the jaws. Wherever 
it oecurs, it is a precursor lesion to multiple mye- 
loma. Extramedullary plasmacytoma has several 
cinica and biologic forms. The most benign is the 
local apper airway lesion that is amenable to 
surgery or radiotherapy and manifests no recur- 
rences. Approximately 40% , however, terminate in 
osseous and soft-tissue dissemination. The distant 
irvclvement has more characteristics of metastases 
thar the diffuse axial skeletal involvement of multi- 
pe mveloma; to acknowledge this distribution and 
the apparently better prognosis, the disseminated 
forme iscalled myelomatosis. 


REFERENCES 


1. Wiltshaw E. The natural history of extramedullary pias- 
macytoma and its relation to solitary myeloma of bone and mye- 
lomatosis. Medicine (Baltimore) 1976; 55:217-38. 

2. Woodruff RK, Malpas JS. White FE. Solitary plasmacy- 
toma: H. Solitary plasmacytoma of bone. Cancer 1979; 43: 
2344-7. 

3. Bruce KW, Royer RQ. Multiple myeloma occurring in the 
jaws: a study of seventeen cases. Oral Surg 1953; 6:729-44. 

4. Batsakis JG. Fries GT, Goldman RT, Karlsberg RC. Up- 
per respiratory tract plasmacytoma: extramedullary myeloma. 
Arch Otolarymgol 1964; 79:613-8. 


9. Fu Y-S. Perzin KH. Nonepithelial tumors of the nasal cavi- 


tv. perarasal sinuses & nasopharynx: a clinicopathologic study: 
IX. P'asmacvtomas. Cancer 1978; 42:2399-406. 


6. Durie BGM, Salmon SE. A clinical staging system for 
maltisle myeloma: correlation of measured myeloma cell mass & 
presemting clinical features, response to treatment, and survival. 
Cancer £975; 36:842-54. 


7. Woodruff RK, Whittle JM. Malpas JS. Solitary plasmacy- 
toma: I. Zxtramedullary soft tissue plasmacytoma. Cancer 1979; 
43:2320-3, l 


8. Marsch WC, Gross UM, Frequency and pathomorphology 
of extramedullary manifestations in plasma cell myeloma of the 
skeleton. Path Res Practice 1978; 163:115-27. 


ABSTRACTS FROM THE ANNALS OF INTERNAL MEDICINE* 


Preventing Severe Heat Injury in Runners: Sugges- 
tions From the 1979 Peachtree Road Race Experi- 
ence 


By A. C. England. D. W. Fraser and A. W. High- 
tower. Ann Intern Med 1982; 97:196-201. 


Of an estimated 17,632 participants of the 1979 
Peachtree Road Race, a 10-km race held at 0800 on 
4 July in Atlanta, Georgia, 29 had severe heat in- 
jurv (collapse with altered mental status and rectal 
temperature of 39.7? C or greater): all 28 recovered 
promptly. The temperature was 24.0? C; the rela- 
tive humidity, 83%; and the wet bulb-globe index, 
23.0°C. Compared with unaffected participants 
matched by age, sex, and predicted finishing time. 
case-runners were taller, had slower best recent 
1.6-km and 10-km times, had run less in June. were 
more likely to achieve 89% of estimated maximum 
aerobic capacity during the race, less often sp ashed 
with water, were more likelv to have underesti- 
mated their predicted finishing times based on their 
best recent 10-km times, and were more likely to 
live in Georgia. Height, sprinkler use, and under- 
estimating predicted finishing times were each sig- 
nificant in the presence of the others. These obser- 
vations suggest that participants of similar races, 
particularly those taller than 179.2 em, should 
splash with water at least twice and base their 
predicted finishing times on their best recent 10-km 
times; adherence to these recommendations by run- 
ners at risk should reduce their severe heat injury 
risk at least 8.1 times. 


Scintigraphic Thyroid Abnormalities after Irradia- 
tion: A Controlled Study with "Tc Pertechnetate 
Scanning 


By C. Gonzalez-Villalpando, L. A. Frohman and 
C. Bekerman, et al. Ann Intern Med 1982; 97: 
59-8. 


We did ""Tc-pertechnetate thyroid scintigraphy 
on 99 subjects with no history of therapeutic ir- 
radiation to the head or neck. They were compared 
with 198 irradiated patients selected from a group 
of over 1.700 who were evaluated because of radia- 
tion treatment for benign head and neck conditions 
during childhood. The two groups were similar 
with respect to age and sex distribution. There were 
significantly more abnormal scintigrams in the ir- 
radiated group (55 of 198 patients versus one of 99 
controls). Even after patients and controls with 
palpable nodules were excluded from the analysis 
there were still more abnormal scintigrams in the ir- 
radiated group (16 of 150 irradiated versus one of 
97 control subjects). We conclude that thyro:d nod- 
ules, including the smaller, nonpalpable nodules 
discovered by scintigraphy, are related to previous 
radiation therapy. For persons at substantial risk, 
such as those who received high-dose treatment 


*Selected from articles of general interest in a regidar exchange. 
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(greater than 700 R) during childhood, the data 
support the use of screening scintigraphy, even with 
normal findings on palpation. 


Treatment of Infections due to Methicillin-resistant 
Staphylococcus Aureus 


By C. Watanakunakorn. 

97:376-8. 

Strains of methicillin-resistant Staphylococcus 
aureus are resistant to other penicillins. The in-vitro 
susceptibility to the cephalosporins differs among 
strains. Some strains, susceptible to cephalosporins 
by the standard disk susceptibility test, are proved 
resistant by the quantitative dilution test; they may 
show pop-up colonies within the zone of inhibition 
when incubated further at room temperature. The 
clinical efficacy of the cephalosporins with or with- 
out an aminogly coside in treating infections due to 
methicillin-resistant S. aureus is in doubt. To date, 
all strains of methicillin-resistant S. aureus have 
been susceptible to vancomycin. In-vitro antago- 
nism of vancomycin and rifampin against S. aureus 
has been shown. Thus, vancomycin alone appears 
to be the treatment of choice: if this treatment fails, 
aminoglycoside or rifampin should be added. Ser- 
um bactericidal titers should be carefully monitored 
before and after the addition of the new agent and 
in-vitro time-kill studies of combination of an- 
tibiotics done if feasible, 


Ann Intern Med 1982; 


Herpes Simplex Virus Pneumonia: Clinical, 
Virologic, and Pathologic Features in 20 Patients 


By P. G. Ramsey, K. H. Fife, R. C. Hackman, J. 
D. Meyers and L. Corey. Ann Intern Med 1982; 
97:813-20. 


Herpes simplex virus (herpesvirus) was isolated 
from autopsv lung specimens of 20 patients with 
clinical. roentgenographic, and histologic evidence 
of pneumonia. Mucocutaneous herpesvirus infec- 
tion preceded the onset of pneumonia in 17. Twelve 
patients had focal pneumonia, 10 of whom had con- 
comitant herpetic tracheitis, esophagitis, or both. 
Eight patients had diffuse interstitial pneumonia, 
six of whom had dissemination of herpesvirus to 
other organs. Of the eight lung isolates available for 
tvping, seven were herpesvirus-1 and one, herpes- 
virus-2. A high prevalence of herpesvirus antibody 
in serum samples obtained before pneumonia and 
identical restriction endonuclease patterns between 
mucosal and lung isolates in individual patients in- 
dicated that, in most cases, herpesvirus pneumonia 
was due to endogenous reactivation of virus. Focal 
herpesvirus pneumonia appeared to result from 
contiguous spread of herpesvirus to lung parenchy- 
ma, whereas diffuse interstitial pneumonia ap- 
peared to be a manifestation of hematogenous dis- 
semination of virus. 





JOSEPH H. OGURA 
1915-1983 


Joseph H. Ogura, MD, died on April 14, 1983. He 
was 67 years old and is survived by his wife Ruth. 
daughter Susan Bell, and sons Peter and John. 


Dr Ogura contributed greatly to the field of oto- 
laryngology. He was a masterful and talented sur- 
geon and excelled in basic and clinical research. As 
a voung surgeon he was not satisfied with the cur- 
rent surgical techniques of the day and be ques- 
tioned many accepted principles of therapy. Be- 
cause of this questioning intellect, he became a 
pioneer in conservation surgery of the larynx. His 
surgical approach was based upon extensive ard 
thorough study of laryngeal anatomy and patholo- 
gy. He devised and popularized various surgical ap- 
proaches for preserving laryngeal function im select 
cases of cancer of the larynx and pharynx. He orig- 
inally encountered criticism from his colleagues. 
but his persistence and careful documentation of 
the preoperative evaluation, operative technique, 
and survival eventually resulted in worldwide ac- 
ceptance. Therefore hundreds of patients had pa-- 
tial larvngectomies with preservation of function 
rather than total laryngectomies. without sacrific- 


irg the chance of survival. Dr Ogura's interest in 
airway physiology, endocrine exophthalmus, laryn- 
geal trauma, and reconstructive techniques of head 
and neck surgery also resulted in improved methods 
of trea ment for his patients. 


Dr C gura 's most important contribution to medi- 
ciae was as an educator. He established a rigid train- 
ing pregram for residents and postgraduate stu- 
dents. dis primary objective was to train and spon- 
sor out tanding otolarvngologists who would pursue 
a career in academic otolarvngologv. He was able 
to attam this goal because he was a tireless worker. 
innova ive thinker, and superior teacher who also 
hed that rare ability to stimulate his students to 
achieve their maximum potential. Dr Ogura’s great 
es: legacy to medicine will not necessarily be the 
hi ndreds of scientific publications, invited lectures, 
awards. or prominent positions held, but rather the 
large n amber of his students who have become edu- 
cators. 


Hugh F. Biller. MD 
Max Som, MD 


BOOK REVIEWS 


Neuronal Mechanisms in Hearing 


Edited by Josef Syka and Lindsey Aitkin. Hard cover, black 
and white illustrations, indexed, 443 pages, 1981. Plenum 
Press, New York. Price $45.00. 


This volume presents the papers from a symposium on auditory 
neurophysiology held in Prague in July 1980. Although there is a 
strong emphasis on electrophysiology, there are also a few be- 
havioral and neuroanatomical papers; several of the latter present 
results obtained with the 2-deoxyglucose technique. The book 
contains a variety of material, but some important areas. such as 
direct measurement of basilar membrane motion, are uaderrep- 
resented. While there are some excellent chapters, the overall 
quality of the contributions is uneven. À brief overview of the 
seven major topic headings follows. 


A diverse group of papers is included under the heading "Coch- 
lear Mechanisms." In one of the better of these, Russell an Sellick 
present their recent findings on velocity and displacement re- 
sponses in cochlear hair cells. 


In the section called “Coding in the Auditory Nerve and Coch- 
lear Nucleus,” several papers stand out. The neural cireuitry of 
the dorsal cochlear nucleus is discussed by Osen and Mugnaini, 
and by Young and Voight. Problems related to the restricted dy- 
namic range of primary auditory fibers and to the coding of com- 
plex sounds were considered by other contributors, including 
Voight, Sachs, Young, and Evans. 


The papers on "Central Auditory Mechanisms" are dominated 
by several informative studies of the inferior colliculus and the 
medial geniculate body. Aitken et al report the results of com- 
bined electrophysiological — neuroanatomical studies of the prin- 
cipal division of the medial geniculate body. The highlig at of this 
section is the review by Suga, Kuzirai, and O'Niell of their ongo- 
ing studies of the representation of biosonar informaticn in the 
auditory cortext of the mustached bat. 


Under “Auditory Localization,” a new view of the rok of var- 
ious neural structures in sound localization is outlined by Master- 
ton, Glendenning, and Nudo. Some of their findings ere repli- 
cated in a paper by Casseday and Smoak. 


Several authors discussed the topic "Neural Coding cf Speech 
and Complex Stimuli." One interesting finding from this section is 
that of Müller-Preuss, that some neurons in the auditory cortex of 
the squirrel monkey will respond differentially to the animal's 
own vocalization and to a recording of the same sound. 


The final sections discuss "Deprivation and Develepmental 
Studies” and “Auditory Prostheses, Physiological Backgrcund.” In 
the first section, the 2-deoxyglucose method, auditory evoked po- 
tentials, and simple behavioral responses were used to study the 
onset of auditory function. For the latter topic, Keidel provides an 
introductory review. Two papers, presented by Tong and Clark, 
and by Hochmair-Desover et al, describe different stra:egies for 
cochlear implants and present data from patients. 


The overall impression is that this volume is not as strong as 
previous symposium volumes have been. However, many of the 
contributors have addressed important but very difficult ques- 
tions, and it may be unfair to expect clearcut answers in every 
case, On the positive side, this book does include much informa- 
tion about the central auditorv system, while previous symposia 
have tended to emphasize the periphery. Thus, the reader may 
find it convenient to consult a single volume that provides a more 
comprehensive summary of the present state of auditory neuro- 
physiology. 


DONALD G. SINEX, PHD 
St. Louis, Missouri 


Sensorineural Hearing Loss. Vertigo and Tinnitus. Vol. 1, Ear 
Clinics International 


Edited by Michael M. Paparella and William L. Meyerhoff. 
Hard cover. black and white illustrations, indexed, 181 
pages, 1981. Williams & Wilkins Co., Baltimore. Price 
$26.00. 


This volume is conceived in the context of symposia for the pur- 
poses of continuing education. The first symposium celebrated the 
dedication of the first stage of the Lions International Hearing 
Center as part of the Department of Otolaryngology at the Uni- 
versity of Minnesota. The contributions are oriented toward rela- 
tively specific problems of diagnosis. treatment and/or rehabilita- 
tion. Most of them are brief, assume the reader is onlv too familiar 
with the questions, and proceed rather directly to the appropriate 
answers. The contributors to this volume are all well known, and 
it is good fun to learn their current views. The five sections of the 
book are Audiological Trends, Sensorineural Hearing Loss: Medi- 
cal Considerations, Hearing Aids, Tinnitus, and Vestibular Prob- 
lems. Some chapters review in an up-to-date context the perspec- 
tives of thorough differential diagnoses for sensorineural and ves- 
tibular disorders to provide guides to better management of these 
disorders. Other chapters give status reports on old problems or 
on new methods of diagnosis or treatment. As might be expected, 
opinions differ in a number of problem areas. Nevertheless this 
small volume does include much good advice. 


It is not possible to summarize the details of most of the con- 
tributions to this volume in a short review. However, here are ex- 
amples of some of the briefer messages that do emerge. Correct 
medical diagnosis for every patient with sensorineural hearing loss 
should be based on an appreciation of temporal bone pathology 
and will lead to improved methods of medical or surgical therapy, 
habilitation and rehabilitation. Some disorders are being at- 
tributed to pathologies for which there is little or no evidence. 
Treatments directed against these presumed diseases are probably 
useless and may be harmful. The combined results of speech audi- 
ometry. acoustic reflex measurements and the auditory brainstem 
response can identify the location of a retrocochlear disorder even 
when the results of any one measure are ambiguous. Electric 
response audiology is here to stay. 


DONALD H. ELDREDGE, MD 
St. Louis, Missouri 


LETTER TO THE EDITOR 


Dear Editor, 


We recently published a paper in the Annals (Sutton D. Miller 
M: Cochlear implant effects on the spiral ganglion, Ann Otol 
Rhinol Laryngol 1983; 92:53-8). In that paper, I misrepresented 
the condition of the cochleas in a case report to which we refer. 
The final sentence of the initial paragraph in the paper incorrectly 
reads: Both cochleas were filled with bone, and there was exten- 
sive destruction of cells in the spiral ganglion and eighth nerve ax- 
ons. The correct statement should read as follows: Both posterior 
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canals were undergoing ossification. The right cochlea was free of 
new bone but the basal turn of the left cochlea was filled with 
bone. Both sides exhibited extensive destruction of cells in the 
spiral ganglion and eighth nerve axons. 


This corrected statement exerts no influence on the conclusions 
of our paper, but it redresses a distortion of fact. 


Dwight Sutton, PhD 
Virginia Mason Research Center 
Seattle 


OPENING FOR | POSITION AVAILABLE 
RESIDENT BEGINNING | 
OF | 
ENT/HNS RESIDENCY | Board Eligible or Board Certified 


Desire associate in expanding 80-man mul- 

University of California | tispecialty clinic in northwestern lower Michi- 
Medical Center | gan. Comprehensive ENT Head/Neck service. 
San Diego | PhD audiologist. Outstanding four-season rec- 

| reation area on Lake Michigan in the heart of 

Boyre Country. Competitive starting salary 


oend application and su. rti iat : i 
Send application and supporting data and excellent fringe benefits. 


to: Mary E. Bartoo, Administrative 


"cIcE TCT > & a a P , , 
Assistant, Division of Head & Neck Sur For further information, write or call: 


gery. University of California Medical Furns Clinic Medical Center, P.C., 560 West 
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294-5910 
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ceptance; however, manuscripts received in improper 
form require longer production time which may delav 
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The following instructions are in accord with Uniform Re- 
quirements for Manuscripts Submitted to Bion: edical 
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COPYRIGHT. In compliance with the Copyright Revi- 
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editing my (our) submission the author(s) undersigned 
hereby transfer(s), assign(s) or otherwise convey(s) all 
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the event such work is published in the Annals of Otology, 
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Written permission from both senior author and publisher 
must be provided to the Annals in order to republish 
materials copyrighted elsewhere. 


MANUSCRIPTS. Limit papers to a size that will make up 
to no more than six printed pages, figuring three double- 
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trations and tables. If a manuscript of slightly greater 
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of $125 per page. Submit an original and two copies of the 
manuscript, typed on white bond paper with margims of at 
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references, tables and legends. Begin each component on a 
new page in the following sequence: title page, abstract, 
text, acknowledgments, references, tables and legends. 
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approved by the author on the copvedited galley proofs. 
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paper is set in type. 
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number of author handling correspondence and proofs. 


Abstracts should contain not more than 150 words and 
should state the purposes of the study, primary pro- 
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inal documents. Examples of correct forms of references 
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Tables should be on separate sheets, numbered con- 
secutivelv. each headed by a concise title. Place ex- 
planatory matter in footnotes. Tables are adjuncts to the 
text and should not repeat material already presented. 
Limit the number of tables so that the relation between 
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ie, no more than four small or two large tables per typeset 
page. The cost of setting tables will be charged to the 
author. 
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and black and white line drawings are acceptable. Let- 
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explanations of illustrations must be listed on a separate 
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the reverse of each illustration indicating figure number, 
authors names and top of the figure. For radiographs, 
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maximum cropping and reduction on an overlay or xerox 
copy. Cite each figure in the text in consecutive order. 
Written permission from subjects is required for identifi- 
able photographs of individuals. The cost of preparing il- 
lustrations for production is charged to the author. Color 
illustrations are acceptable for publication: cost estimates 
for color separations and printing will be provided upon 
request. 


ABBREVIATIONS, MEASUREMENTS AND NOMEN- 
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SUPPLEMENTS. A manuscript too long for inclusion in 
the Annals may be published as a supplement if approved 
by the editor. All costs must be borne by the author; esti- 
mates of cost are provided upon request. Supplements 
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publication. 


REPRINTS. Rates are quoted when proofs are sent. Or- 
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proofs. 
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“Nuisance effects” of Nasalide offers effective 
antihistamines/decongestants therapy that’s well tolerated 
can result in noncompliance. by most patients. 

Drowsiness, CNS excitation and rebound Most frequent side effect is mild, transient 
congestion may interfere with your patierts’ nasal irritation or stinging (usually lasting 


jobs or daily activities. Patients who are only a few seconds). 
reluctant to take a chance with these See Adverse Reactions 
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Brief Summary 

Description: Each bottle contains flunisolide in a solution of 
propylene glycol, polyethylene glycol 3350 and purified 
water buffered with citric acid/sodium citrate, with benzal- 
konium chloride added as a preservative, and NaOH and/or 
HCI added to adjust the pH. It contains no fluorocarbons 
Indications: For relief of the symptoms of seasonal or peren- 
nial rhinitis when effectiveness of or tolerance to conven- 
tional treatment is unsatisfactory. 

Improvement is usually apparent within a few days after 
starting Nasalide but may take as long as 2 weeks in some 
patients. Although systemic effects are minimal at recom- 
mended doses, Nasalide should not be continued beyond 3 
weeks in the absence of significant symptomatic improvement. 
Nasalide should not be used in the presence of untreated lo- 
calized infection involving nasal mucosa. 

Contraindications: Hypersensitivity to any ingredients. 
Warnings: Patients Transferred from systemic steroid therapy 
to Nasalide should be monitored to avoid acute adrenal in- 
sufficiency in response to stress. Since some patients may 
experience symptoms of withdrawal, attention must be 
given to patients previously treated for prolonged periods 
with systemic corticosteroids, particularly those with as- 
sociated asthma or other clinical conditions where too rapid 
a decrease in systemic corticosteroids may cause a severe 
exacerbation of symptoms. Nasalide should be used with cau- 
tion in patients on alternate-day prednisone for any disease. 
Precautions: General: Localized Candida albicans infections 
of the nose and pharynx occurred only rarely in clinical 
studies, but if such an infection presents, treatment with ap- 
propriate local therapy or discontinuation of Nasalide treat- 
ment may be required. 

Flunisolide is absorbed into the circulation. Systemic effects 
have been minimal with recommended doses but larger 
doses should be avoided since excessive doses may suppress 
hypothalamic-pituitary-adrenal function. 

Nasalide should be used with caution in patients with active 
or quiescent tuberculosis infections of the respiratory tract; 
untreated fungal, bacterial, or systemic viral infections; or 
ocular herpes simplex. 

In patients who have experienced feéent nasal septal ulcers, 
régerrent epistaxis, nasal surgery, or tra@ma, a nasal corti- 
costeroid should bg used with caution until healing has 
occurred. A 

Information for Patients: Nasalide should be used as 
directed at the prescribed dosage. Nasal vasoconstrictors or 
oral antihistamines may be needed until the effects of 
Nasalide are fully manifested. The patient should follow the 
Patient Instructions canefully and should contact a physician if 
symptoms do not improve, if the condition worsens, or if 
sneezing or nasal irritation occurs. 

Carcinogenesis: While no evidence of carcinogenicity 
was found in a 22-month study in Swiss-derived mice, there 
was a Slight increase in the incidence of pulmonary adeno- 
mas which was well within the range of spontaneous adeno- 
mas previously reported for untreated Swiss-derived mice. 

Impairment of Fertility: Female rats receiving high 
doses of flunisolide (@00 mcg/kg/day) showed some evi- 
dence of impaired fertility. Reproductive performance in 
low and mid dose groups was comparable to controls. 

Pregnancy: Pregnancy Category C. The drug has been 
shown to be teratogenic and fetotoxic in rabbits and rats. 
The drug should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers: Because other corticosteroids are 
excreted in human milk, caution should be exercised when 
the drug is administered to nursing women. ^ 
Adverse Reactions: The most frequent complaints. were mild 
transient nasal burning and stinging (reporte in approxi- 
mately 45% of patients). These complaints do not u&ually 
interfere with treatment; in only 3% of patients was it nec- 
essary to decrease dosage or stop treatment because of 
those symptoms. 

Incidence of 5% or less: nasal congestion, sneezing, epi- 
staxis and/or bloody mucus, nasal irritation, watery eyes, 
sore throat, nausea and/or vomiting, headaches and loss of 
sense of smell and taste. In rare instances, nasal septal per- 
forations were observed during the studies but a causal 
relationship with Nasalide was not established. 

Systemic corticosteroid side effects were not reported dur- 
ing the controlled clinical trials. If recommended doses are 
exceeded, or if individuals are particularly sensitive, 
symptoms of hypercorticism could occur. 

Dosage and Administration: Full therapeutic benefit re- 
quires regular use and is usually evident within a few days, 
but up to 3 weeks may be required for some patients to 
achieve maximum benefit. Patients should use a deconges- 
tant and clear their nasal passages of secretions prior to use. 
Recommended starting dose in adults: 2 sprays in each nos- 
tril b.i.d. If needed, increase to 2 sprays t.i.d. 

Recommended starting dose in children (6-14 years): | spray 
in each nostril t.i.d. or 2 sprays in each nostril b.i.d. Not rec- 
ommended for use in children less than 6 years old. 

Total daily doses: not to exceed 8 sprays in each nostril for 
adults and 4 sprays in each nostril for children. 

Maintenance dose: smallest amount necessary to control 
symptoms. 

How Supplied: Each 25 ml Nasalide® (flunisolide) nasal solu- 
tion spray bottle (NDC 0033-2906-45) contains 6.25 
mg (0.25 mg/ml) of 
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STERILE (POLYMYXIN B- 
NEOMYCIN-HYDROCORTISONE) - 


“In 159 of 163 clinically evaluated patients, 
the otic preparation (solution or suspension) 
was rated clinically effective, giving a clinical 
effectiveness for acute diffuse external otitis 
of 97.5%. ' (Emphasis added.) 


EFFICACY RATES FOR OTIC 
SUSPENSION AND OTIC SOLUTION (COMBINED 
RESULTS FROM 4-CENTER STUDY) 








Clinical Efficacy 

Suspension 

Total ears 93 — 

Responders 9] (97.8%) 
Solution 

Total ears 107 

Responders | 104 (97.2%) 
Combined suspension 
and solution 

Total ears 200 

Responders 195 (97.5%) 
Adapted from Cassisi et al.! 
REFERENCE: 


1. Cassisi N, Cohn A, Davidson T, et al: Diffuse otitis externa: Clinical 
and microbiologic fin@ings m the course of a multicenter study on a 
new otic solution. Ann Otol Rhinol Laryngol 86(suppl 39, pt 3):1-16, 
1977. an 
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Cortisporin* Otic Suspension Sterile (Polymyxin B-Neomycin-Hydrocortisone) 
Description: Each cc contuins: 

Aerosporin* (Polymyxin B Sulfate) 10,000 units. Neomycin sulfate (equivalent to 
3.5 mg neomycin base) 5 mg. Hydrocortisone 10 mg (196). 

The vehicle contains the inactive ingredients cetyl alcohol, propylene glycol, 
polysorbate 80, water for injection and thimerosal (preservative) 0.0196. 
Indications: For the treatment of superficial bacterial infections of the external 
auditory canal caused by organisms susceptible to the action of the antibiotics, 
and for the treatment of infections of mastoidectomy and fenestration cavities 
Caused by organisms susc^ptible to the antibiotics. 

Precautions: This drug should be used with care in cases of perforated eardrum 
and in long-standing cases of chronic otitis media because of the possibility of, 
ototoxicity caused by neomycin. t 
Cortisporin* Otic Solution Sterile (Polymyxin B-Neomycin-Hydrocortisone) ~ -~ 
Description: Fach cc contains: y 
Aerosporin* (Polymyxin B Sulfate) 10,000 units. Neomycin sulfate (equivalent to 

3.5 mg neomycin base) 5 mg. Hydrocortisone 10 mg (1%). 

The vehicle contains the inactive ingredients cupric sulfate, glycerin, hydrochloric acic, oo 
glycol, water for injection and potassium metabisulfite (preservative) 0.1%. 

Indications: For the treatment of superficial bacterial infections of the external auditory canal 
Caused by organisms susceptible to the action of the antibiotics. 

Precautions: This drug should be used with care when the integrity of the tympanic membrane 
is in question because of the possibility of ototoxicity caused by neomycin. 

Adverse Reactions: Stinging and burning have been reported when this drug has gained access 
to the middle ear. 

Contraindications, Warnings, Precautions and Adverse Reactions Common :o Both 
Products 

Contraindications: These products are contraindicated in those individuals who hawe shown 
hypersensitivity to any of the components, and in herpes simplex, vaccinia and varicella. 
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Warnings: As with other antibiotic preparations, prolonged treatment may result 
in overgrowth of nonsusceptible organisms and fungi. If the infection is not improved * 
after one week, cultures and susceptibility tests should be repeated to verify the 
identity of the organism and to determine whether therapy should be changed. 
When using neomycin-containing products to control secondary infection in the 
chronic dermatoses, such as chronic otitis externa, it should be borne in mind that 
the skin in these conditions is more liable than is normal skin to become sensitized 
to many substances, including neomycin. The manifestation of sensitization to , 
neomycin is usually a low grade reddening with swelling, dry scaling and itching; it 


k | may be manifest simply as a failure to heal. During long-term use of neomycin- 
containing products, periodic examination for such signs is advisable and the patient 
should be told to discontinue the product if they are observed. These symptoms 

z regress quickly on withdrawing the medication. Neomycin-containing applications 


should be avoided for that patient thereafter. 

Precautions: lí sensitization or irritation occurs, medication should be discontinued 
promptly. Patients who prefer to warm the medication before using should be cautioned against 
heating the solution above body temperature, in order to avoid loss of potency. 

Treatment should not be continued for longer than ten days. Allergic cross-reactions may occur 
which could prevent the use of any or all of the following antibiotics for the treatment of future 
infections: kanamycin, paromomycin, streptomycin, and possibly gentamicin. 

Adverse Reactions: Neomycin is a not uncommon cutaneous sensitizer. There are articles 
in the current literature that indicate an increase i in the prevalence of persons sensitive to neomycin. 
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